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SUBTILISE VhUlh®?$ 

TECBMXC&ls .PXgfcp 

This Invention relates to novel mutant snoymas or 
5 enzyme variants useful in formulating detergent compositions 
and exhibiting improved storage stability while retaining or 
improving their wash performance; cleaning and detergent 
expositions containing said enzymes; .mutated genes coding 
for the ©agression of said enzymes when inserted into a 
10 suitable host ceil or organism; and such host cells 

transformed therewith and capable of expressing said enzyme 
variants . 


1 3 nam m *b& 

In the detergent industry enzymes have for more 
than 30 years been implemented in washing formulations. 
Enzymes used in such formulations comprise proteases., 
lipases, amylases, eelluiases, as veil as other euzymes, or 

20 mixtures thereof , Commercially most important are proteases . 

Although pr©t&a8#s festve been used in the detergent 
industry for more than 30 years, much remains unknown as to 
details of how these enzymes interact with substratas 
and/ other substances present in e.g- detergent compositions. 

25 Some factors related to specific residues and influencing 
certain properties, such as oxidative and thermal stability 
in general have been elucidated, but much remains to be 
found out. Also, it is still not exactly known which 
physical or chemical characteristics ere responsible for a 

30 good washing perfQr.v5a.0ce or ability of a protease in a 
specific detergent composition. 

The currently used proteases have for the most 
part been fouoc by isola! inq pi meases tree nature sod 
testing them in detergent formulations. 



8nsym.es cleaving the amide linkages in protein 
substrates are classified as proteases, or (interchsngeabi y } 
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peptidases (see Walsh, 1979, m%ym&tie Reaction MechmUBms. 

W - H - Freeman and C«pny f San Francisco, Chapter 3) . 

Bacteria of the Bacillm species secrete two extracellular 

species of protease , a neutral, or metal. loprotea.es „ and an 
5 alkaline protease which, is functionally a serine 

endopeptidase and usually referred to as subtilisin. 

Secretion of these proteases has been linked to the 

bacterial growth cycle, with greatest expression of protease 

during the stationary phase, when spoliation also occurs. 
0 Joliife et al, {1980} J\ Bacterial 141 ll.&9~X209 :f have 

suggested that Bacillus proteases function in ceil wall 

turnover . 


A serine protease is an enzyme which catalyses the 
hydrolysis of peptide bonds, and in which there is an essen- 
tial serine residue at the active site (White, Handier and 
Smith, 1973 "Principles of Biochemistry, * Fifth Edition, 
He@raw-Hili Book Company, NY, pp> 271-272) . 

The bacterial serine proteases have molecular 
weights in the 20,-000 to 45,-000 range. They are inhibited by 
diisopropyl-fluorophosphate, They hydrolase simple terminal 
esters and are similar in activity to eufcaryotie 
chymotrypsin, also a serine protease, a more narrow term, 
alkaline protease, covering a. sub-group, reflects the high 
pH optimum of some of the serine proteases,, from p:M 9,0 to 
11.0 I for review, see Priest {1977} Bacteriological i?ev. 41 
711-753} . 

A sub-group of the serine proteases tentatively 
designated subtilases has been proposed by Siesen et al . , 
Protein Bngrng, 4 {19.91} 719-737. They are defined by 
homology analysis of more than 40 amino acid sequences of 
serine proteases previously referred to as subtil isin- like 
* - 5 *as< ^ sub llisin was previously defined as a sea me 
protease produced by Gram-positive bacteria or fungi, and 
according to Siezen et al, now is a subgroup of the 
subtilases. a wide variety of snbtiiisins have been 
identified, and the amino acid sequence of a nun&er of 
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subtil isins bavs been determined. These include mora than 
six: subtilising from Bacillus strains namely, subtilisin 
168, subtilisin BPN 5 f subtil is in Carisherg ., subtilisin Y, 
subtilisin aisylosaceharitieus , and mesencericopeptidaaMS 
5 (Knrihsra et #1, (X972) «T. Biol, Oiem. 24 s ? 5629-5631.; Wells 
et al. {1983} Nucleic Acids Hes« 11 75>ll~7925; Stahl. and 
Ferrari {1984} J. Bacterial. 159 811-8X9, Jacobs et ml, 
(1985) Miel, Acids Sea, 13 89X3-892S; HedBcov et al. 1X985) 
Biol, Chess. Boppe-Seylar 366 421-430,. Svendsan et al, (1986} 

10 fees Lett, 196 228-232} , one subtilisin from an 

actinomycetales,- thermitass fro© Thermoaeti-oomyeea vulgaris 
(Melaun et si.. {1985} FEES Lett. X9S 195-200} , and one 
fungal subtilisin, proteinase K from Eritiraofcitar? album 
Ulany and Mayor C198S) Biol* Che® > Hoppe-Seyler 366 S84~4§2) . 

!5 for further reference Table I from Siezen et aX. has beets 
reproduced below. 

Subtil isias are well -characterised physically and 
chemically- In addition to knowledge of the primary struc- 
ture (amino acid sequence! of these enzymes* over 50 high 

20 resolution x-ray structures of subtiXisias have been deter- 
mined ^feich delineate the binding of substrate,- transition 
state , products, at least three different protease 
inhibitors, and define tbe structural consequences for 
natural variation (Kraut (1977} Ann,, Rev. Bioehem, 46 331- 

25 358} . 

In the context of this application substrate 
should be interpreted in its broadest form as comprising a 
compound containing at least one peptide bond susceptible to 
hydrolysis by a subtilisin protease. 
30 Also the expression "product" should in the 

context of this invention be interpreted to include the 
products of a hydrolysis reaction involving a subtil isin 
protease- .A product may be the substrate in a subsequent 
? s reaction, 

35 one subgroup of the subt liases, 1-Si, comprises 

the « classical « suhtilisins, such as subtil is in 168, 
subtilisin BPK\, subtilisin Carisherg ALCA \ novo 
NQRDISK A/S) , and subtilisin DY. 
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A further subgxosp of the subtilases 1-22 r is 
d by Siessfsa &t &X. {suprm} , Sub-group X-S2 
proteases are described as highly alkaline subtil isias and 
comprise enzymes such as subtil is to m$2 (M&XAChL* 5 Gist- 
5 Brocades m) , subtilisin 309 (SAVHSMS*, HOVO mmxSK A/B) t 
sufetilisin 147 (SSPERAS**, NOVO NOHBXSK A/S) r and alkaline 
elastase X'aB , 

In the context of this invention, a subtilase 
variant or stated subtilase means a subtilase that has been 
10 produced by an organism which is expressing a mutant gens 
derived from a parent microorganism which possessed an 
original or parent gene and which produced a corresponding 
parent e»*ywe, the parent gene having been mutated in order 
to produce the mutant gene from which said mutated 
IS subtilisin protease is produced when expressed to a suitable 
host. . 

Random and site-directed mutations of the 
subtilase gene have both arisen from knowledge of the 
physical and chemical properties of the eazynse and 

20 contributed information relating to subtilase ! s catalytic 
activity, substrate specificity , tertiary structure, etc, 
CWellh et al. {1987} Proe, »atl. Acad, Bci, U.S.A. 04; 12X9- 
1223? Walls et al. {1986} FML Trans, U, Soc. hand .A. 3X7 
4XS~423; Hwang and Warshel (1987) Biach&m, 26 2669-2673? Rao 

25 at al., (19375 Nature 328 55X-SS4, 

More recent publications covering this area are 
Carter et al, (1983} Proteins 8 240-248 relating to design 
of variants that cleave a specific target sequence in a 
substrata {positions 24 and 64) } Grayear et al, {1992} 

30 Amals of the Mew York Academy of Sciences €72 71-79 

discussing a number of previously published results; and 
Takagi {1993} Int, J, Biochem. 25 301-312 also reviewing 
previous results. 

Especially site- directed mutagenesis of the subti- 

35 lis in genes has attracted much attention, and various muta- 
tions are described to the following patent applications and 
pa cents ; 

EP-A-130 756 {GEMBIfTECH} {corresponding to. 'OS 
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Keissue Patent Mo. 34,§0<s (©sm^COE) ) relating to site 
specific or randomly generated mutations in «carbonyl 
hydrolases 51 and subsequent screening of the menaced enzymes 
for various properties , such as k,,./K, ; ratio,. pH -activity 
5 profile, and oxidation stability. This publication reveals 
that site-specific mutation is feasible, and that .mutation 
of subtil is in mm* in certain specified positions, i.e. " , 
l Tyr, 3Z Asp, 104 Tyr, m *Set, i66 Gly, *<Hls, ™Gly, x? *Pfce, 

J3 Ser s m Ser> ZJ7 Tyr, ,8< GXu or !S? Ala, provide for enayxaes 

10 exhibiting altered properties. Since these positions all 
except position -i wer* hnown to be involved in the 
functioning of the eassyme prior to the filing of the 
application, and therefore evident to select., this 
application does not contribute aaxcfe to solving the problem 

IS of deciding where to introduce imitations in order to obtain 
emrymes with desired properties. 

EP-&-214 435 (HEHKRL) relating to cloning and 
expression of subtilisin CarXsberg and two mutants thereof. 
In this application no reason for imitation of JS *&sp to IS<! Ser 

20 and ' Si Ser to m &sp is provided. 

In International patent publication WO-A- 87/04461 
CMBHN) it is proposed to reduce the number of mn-Gly 
sequence 1 s in the parent enryme in order to obtain 
mutated enzymes exhibiting improved pH and beat stabilities, 

25 in the application emphasis is put on removing, mutating, or 
modifying the m Asn and the n8 Ssn residues in subtilisin 
BPBP . No examples are provided for any deletions or for 
modifying the Gly -residues . 

International patent publication WO-&-87/0505Q 

30 ' \ ■> v -v^vC^ - sndom mutation and subsequent screening 
of a. large number of mutants of subtilisin BPN' for improved 
properties. In the application imitations are described in 
positions ns Asn, Ui Gly, ***Thr, m Gly, us M.a, U! *Ser, l ^Leu» and 
S3 Ser. 

35 In EP~&-251 446 (GEKENCOR) it is described how 

homology considerations at both primary and tertiary 
structural levels may be applied to identify equivalent 
amine ac " J as - 3 * N ^ « .< ' ' d or not . This 


information together with the inventors knowledge ox the 
tertiary structure of subtiXisia anrv lead the Inventors to 
select a number of positions susceptible to .mutation with an 
expectation of obtaining mutants with altered properties, 
5 The positions so identified are: m Met.< m Met,, w Tyr, iS2 Ala 5 
***SXu, lS6 Gly, w SXy, i8S Phe f sl, Tyr. : Mm '**?&&n, n Tyr, u Thr, 
**Ser, as; &sp f 35 Ssr, **Aap> **GXy, "Ma, °Ser, S9 Met, "b&n, 
91 Sex, **l»ys, ,s Val, s5 Leu, W, XL», n8 01y, !70 I»ys, m Tyr, i,J Fro f 
1S! Asp f 1S¥ Met, S04 Ser, 2£J Lys, and m Ser, which positions are 

10 identified as being expected to influence various properties 
of the enzyme, Also,, a mmber of mutations are exemplified 
to support these suggestions. In addition to single 
mutations in these positions the inventors also performed a 
.number of multiple mutations. Further the inventors identify 

35 m Gly, s, His, m fceu, l35 Leu, and amino acid residues within the 
segments 97-103, 126-129, 213-215, and 152-172 as having 
interest, but imitations in any of these positions are not 
exemplified. 

Especially of interest for the purpose of the 

20 present invention the Inventors of EP-&-251 446 suggest to 
substitute m hys {in subtilisin nm\ type X~$l) , 
specifically they suggest to introduce CSlu or Arg for the 
original Lye, It appears that the Glu variant was produced 
and it was fonnd that it was highly susceptible to antolytic 

25 degradation (cf . pages 48, 121, 123 (Table XXI includes an 
obvious error, but indicates a reduction in autolysis 
half time from 86 to 13 minutes) arid Fig. 32). 

EP-A-260 105 itsmmcOZ) describes modification of 
certain properties in enzymes containing a catalytic triad 

30 .by selecting an amino acid residue within about IS A from 
the catalytic triad and replace the selected amino acid 
residue with another residne. Enzymes of the sufatila.se type 
described in the present specification are specifically 
mentioned as .belonging to the class of enzymes containing a 

35 catalytic triad. In subtilisins positions 222 and 21? are 
indicated as preferred positions for replacement. . 

Also,- it has been shown by Thomas, Russell , and 
Fersht (1985) mture 31$ 375-376 that exchange of "Asp into 
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**Ser in subfcilisin Bf»* changes the pH dependency of the 
enzyme. 

In a subsequent article (198?) J", Mol» Biol, If 3 
003-813 , the same authors; also discuss the substitution of 
S m Ser in place of m 01u* Both these mutations are within a 
distance of about tsk from the active s *His, 

la Mature %2B 496-500 {1587} Russel and Fersht 
discuss the results of their experiments and present rules 
for changing pH- activity profiles by mutating an ensyme to 

10 obtain changes in surface charge, 

WO-Ar 88/08028 (Genex) and WQ- A- 88/08033 (Amgen) 
both relate to modifications of amino acid residues in the 
calcium binding sites of subtilisin BPH ! „ The enzyme is said 
to be stabilised by substituting more negatively charged 

15 residues for the original ones, 

in WO- A- 89/06279 (NOVO JKJRDXSK A/S) position 170 
is indicated as interesting and it is suggested to replace 
the existing residue with Tyr, However, no data are given in 
respect of such a variant, In WO- A- 81/00345 (NOVO WmxSK 

20 A/S} the same suggestion is aaade, and it is shown that the 
lyr variant of position 170 in subtilisin 309 {type 1-82} 
exhibits an improved wash performance in detergents at a pH 
of about 8 (variant 8003 in Tables XIX, IV, V, yx, ¥111 f %% . 
The same substitution in combination with other 

25 substitutions in other positions also indicates an improved 
wash performance CS004, SOU -8014, S022-S024, S01S, S020, 
S203, 8225, 8227 in the same table and Table VII) all in 
accordance with the generic concept of said application. 
In IP -A- 525 SiO (SGLVAY) it is suggested to 

30 improve the stability of the enzyme {a type X-S2 subtiiase 
closely related to subtil is in towards ionic tens ides 

by decroacing the hydrophohi ci ty in certain surface regions 
thereof . lu is consequently suggested to substitute Gin for 
the Arg in position 164 (170 if using BBK f numbering) , Ho 

35 variants comprising this substitution are disclosed in the 
application - 

In WO-A-U4/02S1S {OIST- BROCADES MVVi) a number or 
position 164 (170. if using BFN* numhering) variants of the 


t 

X-S2 type sufotilisixi PB3S are described, Ejcaa$>les are 
provided showing substitution at Mat, Val, Tyr, He, for 
the original Atg . Wash performance testing in powder 
detergents of the variants indicates a slight improvement, 
5 Especially for the lie variant wash performance tests on 
cacao an Improvement of about 20-30% is Indicated. Ho 
stability data are provided. 


Proteases such as subtilising have found much 
utility in industry, particularly in detergent formulations, 
as they are useful for rowing proteinaceous stains. 

At present at least the following proteases are 
15 known to be corrsmercially available and many of them are 

marketed in large quantities in many countries of the wdrldi 

Subtilisin BPH 5 or Novo, available from e,g\ 
SISM&, St. Louis, IhS.A. 

Subtilisin Carlsfoarg, marketed by NOVO NORDXSK A/S 
20 (pestoark) as j&e&LASS* and by IBIS (Hollaed* as M&mmsif ; 
Both of these belong to suhtilase subgroup X~S1, 

mong the sufotilase sufo-groinp l~S2 the following 
are known to foe marketed : 

& Bacillus leatus sufotilisin,- sufotiliain 309, 
25 marketed by NOVO HORDISX A/B (Deamrk) as SAVINASE*. A 
protein engineered variant of this enzyme is marketed as 

Enzymes closely resembling SAYXN&SE*, such as 
subtilisin PB92, mXAOOf marketed by Gist -Brocades N.V. {a 

30 protein engineered variant of this enzyme is marketed as 
MMAPS#} , OFTXCLBftH* marketed by SOLVAY at Cie. and 
PUE&FBO* marketed by OEHEHCOR International. 

A Bacillus lentdB subtilisin, subtilisin 147, 
marketed by NOVO -NOKBISK A/B Denmark} as ESmuMHf; 

35 To be effective, however, such earymee must not 

only exhibit activity under washing conditions, but must 
also be compatible with other detergent components during 
detergent production and storage. 
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For example, subtil isins may be used in 
combination with other enzyme® active against other 
substrates, and the selected subtil is in should possess 
stability towards; such enzymes , and also the selected 
S subtil isin preferably sho'ald not \ jj it ion r* the 

other enzymes ♦ Also, the chosen subtil isin should be 
resistant to the action from other components -in the 
detergent formulation, such as bleaching agents, oxidising 
agents, etc, in particular -&u; enayiae to be used in a deter - 

10 gent formulation should be stable with respect to the oxidi- 
sing power, calcium blading properties, and pH conditions 
rendered by the non~ enzymatic components in the detergent 
during storage and in the wash liquor during wash. 

The ability of an enzyme to catalyze the 

15 degradation of various naturally occurring substrates 
present on the objects to be cleaned during e.g. wash is 
often referred to as its washing ability, washability, 
detergeney, or wash performance. Throughout this application 
the tens wash performance will be used to encompass this 

20 property. 

The ability of an enzyme to remain active in the 
presence of other components of a detergent composition 
prior to being put to use {normally by adding water in the 
washing process) is usually referred to as storage stability 

25 or shelf life. It is often measured as half -life, t*. We will 
use the expression storage stability for this property 
throughout this application to encompass this property. 

naturally occurring subtil isins have been found to 
possess properties which are highly variable in relation to 

30 their washing power or ability under variations in parame- 
ters such as pH. Several of the above marketed detergent 
proteases, indeed, have a better performance than those 
marketed about 20 years ago, but for optimal performance 
each enzyme has its own specific conditions regarding 

35 formulation and wash conditions, e.g. pH, temperature, ionic 
strength {»!'}, active system C toxicides, surfactants, 
bleaching agent, etc), builders, etc. 
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As a consequence it is found that an enzyme 
possessing desirable properties at low pH and low I my be 
less attractive at more alkaline coad.it ions and high. I, or 
an enzyme eachibifcingr fine properties at high pH and high I 
5 maybe less attract iva at low pH, low I conditions . 

&lso, it has been found that the storage stability 
differs between the enzymes* but it has further been found 
that a specific enssyme exhibits large variations in storage 
stability in respect of different detergent f ovulations, 
10 dependent upon a number of parameters, such as pH, pi, 

bleach system, tansioes, etc., and upon the physical state 
of the detergent compositions, which may toe in powder, dust, 
or liquid font. Furthermore it mny be concentrated or 
dilute, 

15 Ths advent and development of recatafoinant T$& 

techniques has had a profound influence in the field of 

protein chemistry . 

through the application of this technology it is 

possible now to construct enzymes having desired amino acid 
20 sequences, and as indicated above a fair amount of research 

has been devoted to designing subtilisins with altered 

properties. 

Among the proposals the technique of producing and 
screening a large xanaber of mutated enzymes as described in 

25 EP-A-130 7S6 (GBNBOTCH) {VB Reissue Patent No. 34, SOS 

(QENENCQR) ) and international patent publ. no. WO -a- 87/05050 
CGENEX) correspond to a large extend to the classical method 
of isolating native ensymes, snbssit them to classical 
mutagenesis program (using radiation or chemical mutagens) 

30 and screen them for their properties. The difference lies in 
that these methods are more efficient through the knowledge 
of the presence of a large number of variant enzymes 
substituted, in a specific position. 

a subtil isin enzyme typically comprises about 27 & 

35 amino acid residues. Bach, residue is capable of toeing l out 
of 20 possible naturally occurring amino acids. Therefore 
one very serious draw -back in that procedure is the very 
large number of notations generated that have to toe 
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submitted to a nusfcsr of preliminary screenings to determine 
their properties < 

A procedure as outlined in these patent 
applications will consequently oxily be slightly better than 
5 the traditional random mutation procedures which have been 
known for years, 

The other known tech.iiiqu.es relate to changing 
specific properties, such as oxidation stability,, thermal 
stability, Ca~ stability, transesterif ication and hydrolysis 

10 rate <BP- A- 260 105 {GBTOCOEH, pH-aetivity profile (Thomas, 
Russell., and Fersht, supra), and substrate specificity 
{International patent publ* WO-A- 88/07578 {GENBNTKCH} } . Hone 
of these publications relates to changing either the wash 
performance of enzymes or their storage stability, 

IS In International Patent Application no. PCT/DK 

88/00002 WOVO NORDISR h/8) it is proposed to use the 
concept of homology comparison to determine which amino acid 
positions should be selected for mutation and which amino 
acids should be. substituted In these positions in order to 

20 obtain a desired change in wash performance. 

By using such a procedure the task, of screening is 
reduced drastically, since the number of mutants generated 
is much smaller, but with that procedure it is only foreseen 
that enzymes exhibiting the combined useful properties of 

25 the parent enzyme and the enzyme used in the comparison may 
be obtained. 

Thus, as indicated above no relationship has yet 
been identified between well defined properties of an enzyme 
such as those mentioned above- and the wash performance and 

30 storage stability of an enzyme in various detergent 
compositions. 

The problem seems to be that although much 
research has been directed at revealing the mechanism of 
enzyme activity, still only little is know* about the 

35 factors in structure and amino acid residue combination that 
determine the properties, such as storage st ilite in 
detergents, of enzymes in relation to most of their 
characteristics, especially when the enzymes are present in 
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complex mixtures. 

Consequently,, there still exists a need for 
further improvement and tailoring of enzymes to detergent 
systems, as well as a letter readers tanking of the jaechanism 
5 of protease action and degradation in the practical use of 
cleaning or detergent compositions. Such an understanding 
could result in rules which may he applied for selecting 
Mutations that with a reasonable degree of certainty will 
result in an eassysae exhibiting improved storage stability 
10 and/or performance under specified conditions in a detergent 
composition. 


It has now surprisingly been found that a 

15 suhtilase variant having iaaproved storage stability and/or 
improved performance in detergent compositions can be 
obtained by substituting one or more arai.no acid residues 
situated in, or in the vicinity of a hydrophobic domain of 
the parent suhtilase for an amino acid residue more 

20 hydrophobic than the original residue, said hydrophobic 
domain comprising the residues corresponding to residues 
P12g, MX* 1165, tU7 K Y171 of BhS309 {in BASBFN 
anmhering) , and said residues in the vicinity thereof 
comprises residues corresponding to the residues K136, G1S9, 

25 SXS4, S'164, RX70, AXS4 and 19S of BLS309 (in B&SSPN 

numbering) , with the exception of the EX7GM, RX701 and RX70V 
variants of ERBP92. 

The present invention relates consequently in its 
first aspect to enryme orients exhibiting disproved 

30 stability and/ or wash performance in detergents, in 

particular in liquid detergents, especially concentrated 
liquid detergents, and in soap bars. 

In its second aspect the invention relates to DHA 
constructs capable of expressing the enzymes of the first 

35 aspect, when inserted in a suitable manner into a host cell 
that subsequently is brought to express the subtil isin en- 
cymaCs) of the first aspect. 

In a third aspect the invention relates to the 
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production of the ssu.tet.il is in oxxzytaem of the invention by 
inserting a BMa construct according to the second aspect 
into a suitable host, cultivating the host to stress the 
desired sufotilase enzyme, and recovering the enzyme product . 
S The invention relates, in part, but is not limited 

to, mutants of the genes expressing the subtilase. sub-group 
I-S2 esspes and the ensuing en cyme variants, as indicated 
above , 

Other subtilase' gene variants encompassed by the 
10 invention are such as those of the subtilase subgroup I - Si , 
e.g. Subtil is in BFN' , and Snbtilisin Carlsberg genes and 
waning variant Subtiiisin BFN' , Proteinase K, and 
Subtiiisin Carlsberg enzyjses, which exhibit iimaroyed 
stability and/or wash performance in detergents, 
15 Still further subclause gene variants encompassed 

by the invention are such as Proteinase K, and other genes 
and ensuing variant Proteinase K, and other subtilase 
enzymes, which exhibit impi^oved stability 
and/or performance in detergents. 

Other esqsmples of parent subtilase mzysm& that 
can be modified in accordance with the invention are listed 
in Table X. 

Further the invention relates to the use of the 
mutant enzymes in cleaning compositions and cleaning 
25 compositions comprising the mutant enzymes, especially 
detergent compositions comprising the mutant subtiiisin 
enzymes . Specifically the invention relates to liquid 
detergent compositions, especially concentrated liquid 
detergents and to soap bars qoasprising such enzyme variants. 
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Trp 
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Tryptophan 
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Met 
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Methionine 
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« 
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Ser 
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T 

~ 
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Threonine 
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Cysteine 

IS 

Y 
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Tyrosine 
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A 
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0 


Guanine 
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T 
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tr 
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{only in ®m) 


30 

in describing the various ansyme variants? produced 
or contemplated according to the invention, the following 
nomenclatures have been adapted for ease of reference; 
35 Original amino acid is) - position {s} - substituted amino 
acid {a). 

According to this the substitution of Glutamic 
acid for glycine in position 195 is designated as; 


ir 

Gly 195 to or GI95E 
a deletion of glycine in the same position is s 

Gly 195 * or G195* 

and insert ion of an. additional ammo scic res idu e such as 
5 lysine iss 

Gly 195 caylsys or G195GK 

Where a deletion is indicated in Table 1, or 
present in a suhfilisin not. indicated in Table :l f an 
10 insertion in such a position is indicated as; 

* 36 Asp or *36X> 

for insertion of an aspartie acid in position. 36* 

Multiple mutations are separated toy pluses , i.e. x 
Arg 170 Tyr * Gly IBS Gin or RX70Y*G1SSB 

15 representing mutations in positions 170 and 195 substituting 
tyrosine and glutamic acid for arginine and glycine, respec- 
tively. 


In describing the variants in this application and 
in the appended claims use is made of the alignment of 
various sufotilases in Siezen st al - , Supra * In other 
pufolicat ions relating to suhtilases other alignments or the 

25 numbering of specific enzymes have toeen used. It is a 
routine matter for the skilled person to establish the 
position of a specific residue in the numbering used here. 
Reference is also made to Fig- ~. showing an ^ligament of 
. - * ^ - jo ore ent invention from a large 

30 number of subt liases. Reference is also made to Table I of 
» N ^ i, •< m a.l : ©relevant for 

the present invention from a large number or: sufotilases. 


{freas Sie« et al., supra 3 


Bacillus stsbtilU %U a 
Saci 12«s astyi ol i ef a c i 
sufetilisixi BPS' (SSOV0) B 
Bacillus wbtili* j?y 


subtilisin IXS8,.; 


mcillm gtibtiliB IFO3013 isspS 
Bacillus subtilis MS * 


•ill 


Themoatat±n(^ycss vulgar** - 
Kncerococcus raacalis cyi& 
StapbyloGQCGUiS epidemiais «pi* 
Streptococcus pyrogenes scpA 
Mctocccciss X&ctis BKll prfcP 



ioftS.ra.csll . ssr , prat . :l SSXS&l 
intr&celX .. , prct, BSIASO 
«xtr«cell. sar. pro*, BTFXNI 


a.lbLJ:." i-Mber 



rarx&»i& lipolytics ^px2 *jk. extracsll. prot- rLX&Stt 

10 


15 Dx'csopbi la * fruit fly) 
(fruit fly) 



..la.xx 

B References used for Table I 

References to amino acid sequences (GenEanlr/BMBL Data Sank 
accession numbers are shown in brackets} : 
&RB172 Karoekura and Seno, (1990) Biochem. Cell Biol, 68 
352-3S9 (amino acid sequencing of mature protease 
30 residues 1-35; residue 14 not detenained) - 

SSS1SS Stahl. and Ferrari. (1984) J, Bacterial . 158, 411- 
418 {KD198SK Yoshimoto, Oyama et aL (1488) j, 
Biochem. 103, 1060-1065 (the mature subtil is in 
from B.subtilxs van. amylasacch&ri ticus differs in 
35 having T130S and TX62S) <. Svendsen, et al . {1386} 

FEBS Lett. !BS t 228-232 (PIR A23624; amino acid 
sequencing; the mature- alkaline 

mesantericopeptidase mem 8, megsentericus differs 
in having S8SA, A888, S89A. S183A and H259S} . 
Wells, at al. (1983) mcl-, Acids Res. 11 7911- 7.925 
(X00l£5) . Va sen the et al., {1984} -J, Bacterid, 
15$ 811-814 (K02496) * 


w 

Nedkov et al . (1983) Hoppe-seyler's Z. Physiol. 
Chess. 364 1537-1540 0XR A00969; amino acid 
seguancing) , 

Jacobs et al, {1985) Nucleic Acids Res, 13 89X3- 
8926 (X0334IK Smith et al. (1368) J, Biol. Cham. 
243 2184-21*1 COT &Q0968; amino acid sequencing; 
jaature protease sequence differs in having T103S, 
£129 A, SXS8K, H161S and S212N) , 

Hastrup et al, {1389} PCT Patent Appl. WO 8906279 
Pub. July 13 1089. (Bsper&se* from B. lentm} . 
Takami et al. C 19.90} Apgal, MicroMoL Siotectfraol . 
33 519-523 (amino acid sequencing of rn.at.ure 
alkaline protease residues 1-20 from Bacillus sp. 
no. 3US- 101 j this sequence differs from BhS14? in 
having Ml IS 5 , 

van der Laau et &2. {1991} Appl. Environ. 
Microbiol, 57 901-909. (Maxacal*) . Hastrup et al. 
iimm PCT Patent Appl* WO 8906279 . Pub> 13 Jul 
1989. {subtiliai» 309, Savinase*, from lehtna 
differs only in having N87$) . Godette at al. 
(1991} abstracts 5th Protein Society Symposium, 
June 6, Baltimore; abstract MB {a high-alkaline 
protease from M.lenms differs in having N87S, 
S99D. S101P, 3103a, VI 04 I and C.1S9S) . 
Bettenmaier et al. 11990) PCT Patent &ppl. WO 
90/04022. Publ ..April 19, 1990, 

Kaneko et al . {1989} J. Bacterial. 171 5232-5236 
{M28537} . 

Sloma et al. (1988} a7. Bacterial, 170 5557-5563 
(SO240?) . Bruckner (1990) Mol . Sen. Genet. 221 
488-490 (3SS3307). 

Sloma et al. {1990} J. bacterial . 172 1470-147? 
(M29G35; corrected) . Wu et al. (1990) J. 
-BioI.C&esi. 265 6845-6850 {105400? this, sequence 
differs in having ikl69¥ and 586 less C~ terminal 
residues due to a frasseshift) . 
Koide et al. (1986) J. Bacterid . 1S7 110-116 
(M13760) . 


WO %.0«>3* 


IS 


EFCYL& 


LLSKll 


Strongin et al . {1S7S} J". Bacterid . 133 14 01- 
1411 {amino acid sequencing of mature protease 
residues 1-54? residues 3. 39, 40. 45, 46, 49 and 
SO not determined). 

Chestu&hina et al. {1985} Biokhim&ym 50 1724-1730 
(amino acid sequencing of saature protease residues 
1-14 from S, thuringiezusis variety israeliensis, 
and residues 1-16 and 223-243 from variety 
fl&ttJmts) . Kunitate et a.2 . U989) Agric* Biol, 
Chem* S3 3251-3256 (amino acid ~ * t 
mature protease residues 6-20 from variety 
kur&t&kl, BTKURS). * 

Chestukhina et al. (1985) SiokhiMya SO 1724-1730 
(amino acid sequencing of mature residues 1-16 and 
223-2431 , 

Teujifoo et al. {1990} Agaric, Biol, Cfeem. 54 2177- 
2179 (amino acid sequencing of mature residues 1~ 
26) » 

Heloun et al. (1985) FEES Lett, 183 195-200 (£XR 
A00.973? amino acid sequencing of mature protease 
residues 1-274} . 

Segarra et el. (1591). Infect, Xsmm. SB 1239- 1246 < 
Schnell et al. (1991) personal communication 
(Siezen et al. ( supra}-) , 

Chen et al. {1990) £F. Biol. Chem. 265 3161-3167 
(J0S224) . 

Kortt et al. {1991} Abstracts? 5th Protein Society 

ium June 22-26, Haiti i ra 

Voa et al. (1989) &. Biol. Che®. 264 13579 - 13 58 5 
(J04962) . Kok. et al. (1588) appl, Bnviron, 
Microbiol, 54 231-238 (M24767; the sequence from 
strain Wg2 differs in 44 positions, including 18 
differences in the protease domain, and a deletion 
of residues 1,617-1676}. Kiwaki et al. (1989) 
Mol.HieroMol, , 3 359 -369 {XX4130? the sequence 
from strain NCD8763 differs in 46 positions, 
including 22 in the protease domain, and a 
deletion of residues 1617-1676} . 


Liu et al, {1930} Mel. «e». Genet. 220 433-440* 
Yanaglda at al. (1986} j\ Bacterial . X6i 937-994 
(M13463) . 

Teraaa et al. (1990) J. Biol, chem. 265 657S-6S81 
{J0S4I4} . 

McH&le «t al, (1990) abstracts 5th Eur. Congr, 
Siotechn, Christiansen, Monck end VlXladaen 

Cads 5 , Munksgaard Int. Mslishers, Copenhagen. 
Deane et &l t (1989) toe 76 381-28-8 (M25499) . 
L&vrenova «C «1. (1984) Bioc^asl^try USSR. 49 
447-454 (amino acid sequencing of residues i~23; 
residues 13, 18 and 19 not determined} . 
Maldener et al {1991} Mol. Gen. Genet. .325 113-120 

(the published sequence has 28 uncertain residues 
near position 2.00-210 due to a frameshift reading 


9) Mur. J. Biochem. 179 185- 
194 <Xl460e/XX4689) , dany et al, mm Biol, 
Chm.Moppe-Seyler 367 87CPIR A24541? amino acid 
sequencing? mature protease differs? in having 
S74SG, S1LST204-208DSL and VHLL264- 2S7FHL} , 
Samal et al. (19.80) #?l; Microbiol. 4 1789-1793 
(XSS116) . 

Samal et al. (1989) Gen® 85 329-333. 
Tatsurel et al. {1989} ml. Gen, Genet. 219 33-38. 
Chaevadhanarah et al. (1991) EMBL Data Library 
(X54726). . 

Gaucher and Stevenson U976) Methods Enzymol* 45 
4X5-433 (amino acid sequencing of residues 1- 
28 .and he^apeptide LSQTgM with active site 
serine} . 

Isogai et al, (1991) Agric. Biol. Che®. 55 471- 
477, Stepanov et al. {1986) Im. J. Biochem. 16 
389-375 (amino acid sequencing of residues 1-27: 
the ssature protease differs in having H13[1]Q., 
R13{23N and S13[6JAK 

Tanguy-Rouge&u, Wesolowsfci- Louval and Fukuhara 
(1988) FEBS lent, 234 464-470 (X07038) . 


' Lett. 289 13 3-13? 


m 

&t al. mm Biochem. Mcphys. Ses, 
1SS 246-254 {M2420X}. 
Moehie et al. (198?) Mol. Cell „ SIo.2, 7 4390-4399 
{Ml 809 1) . 

David©* et al, (198-7} J", mamriol, t& 4621-4629 
CMI7741J , Mat©I?a at al. (1988) jtoi. Cell Biol, 8 
4904-4916' {M233S3}, 
Peters and Rose (1991) 
11 28. 

iRoefcroek et al, (1991) 
(X59384) , 

et al, (1992) 267 17208-17215. 
: al. (1984) J, Blochem. SS 825-829 (a 
acid sequencing of oetapeptide NXXSGTSM with 
active site serine) . 

et al, {1990} jstici. Acids Bes. 18 
664 (X04329) (the «e*ie&ce of mouse furin differs 
in 51 positions, including five in the catalytic 
domain: AlSE, Y21F, S223F, A232V and B2S8 [23 D) . 
Misumi et al, (19905 md* Acids Res, 18 6719 
(X5SS603 tMe sequence of rat furia differs in 49 
positions,, including three in the catalytic 
MSB, Y21F, H24R} . 
and Steiner (1990) jr. Biol, Chem. 265 
2997-3000 (J05252S , Seidah et al. (1990) IMS Cell 
Biol, 9 415-424 (nhe sequence of mouse pituitary 
PC2 protease differs in 23 positions,. including 
seven in the protease domain j 14 F, S42f2]Y, S4SD, 
WJQS t DX33E, V134L and G239 |1J :D) . 
Smeakens et al. (1991) Proe. mtl, Acad, Sci* USA 
88 340-344 (M58507) . Seidah et al . (19905 J» Cell 
Biol, 9 415-424 {M5SS68/MS56S9 ; partial sequence). 
Tomkinson and Jonsson (1991) Biochezd&txy 30 168- 
174 (J0S299) . 


la. the drawings, Fig, 1 shows an aiignresnt of 
the subs e; at ion 1 1 1 sle I? 


5 Fig. 2 is a. 3 -dimensional representation of subtilisin 309 
showing the location of the hydrophobic domain and some the 
amino acid residues in the vicinity thereof to be 
substituted according to the invention. 
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It has surprisingly been found that the storage 
stability and/or performance of snbtilases in detergents is 
improved when amino acid residues situated in the vicinity 
of a hydrophobic dosain comprising the residues 2129, 

15 I1SS, YX67, YI7I of eubtilisin 309 are substituted for a 
spore hydrophobic residua. The residues in question are 
especially B136, C1S9, SXS4, R170, Mj»4, and G19S- 

Pig. 2 shows the hydrophobic domain in subtil is in 
309 and residues in the vicinity thereof a number of which 

20 are to foe substituted in order to increase the 

hydrophobic! ty of the dosnain. This isay be achieved by 
substituting hydrophobic residues for non- hydrophobic 
residues and/or by substituting residues to become even more 
hydrophobic than in the parent easyme* 

25 The same principle applies to the corresponding 

hydrophilic dosaain in other suhtilases, the identification 
of which is within the skills of the average person working 
in this technical field. Graphic representations like the 
one in Fig, 2 can be produced for other eubtilases to 

30 determine the target residues to be substituted according to 
the invention, 

A number hereof is indicated in Table II below; 
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Table XX 

residues in hydrophobic doamin and in the vicinity thereof 
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Table II was constructed using the alignment shown in Fig. 
20 2, It is obvious that similar or larger tables covering 
other suht liases may easily be produced by the skilled 
person. 

Consequently, the invention relates to subtilase 
variants in which the amino acid sequence has been changed 

25 through mutating the gene of the subtil is in enzyme, which it 
is desired to modify (the parent ensyme or gene) , in the 
cod on responsible for the expression of the amino acid 
residue in positions 129, 13 X, 165, 167, X71 f 136, 159, 164, 
170, 194, and 19S, which residues are more hydrophobic than 

30 the residue {s} in the parent enzyme, especially such 
hydrophobic residues that comprise a relatively long 


vtmmms vcammmtm 

hydrophobic chain, such, as lie, Leu, and val, whereby, when 
the mutated gene is expressed,, the amino acid residue is 
substituted by a more hydrophobic residue, which increases 
the hydrophobicity of the domain as such, 
5 Hydrophobic amino acid residues are generally the 

f ollowing: ¥al (V) , lie it} 4 Leu CL) , Met CM) ... Phe • F } , Pro 
CP) and TrpCW) , imong these Val, lie and Leu are preferred. 
By looking at Table II and applying the principle of the 
ventio on become 

10 clear. 

For both ms&m and BLSCSR it seems appropriate to 
make substitutions in positions 136, IBS, 164 , 167, 170 and 
195. In B&S3Q9 positions 136, 164, 16? and 170 would be the 
f irst choices, and positions 159 and 195 also would be a 

IS second choice. In 8LS14? positions 136, 167, 170, and 195 
are the first choice, while positions 159 and 164 are 
second, Finally, in TTTBSR positions 136, IS? and 134 are 
the first choices, with 164 as a second one, 

According to the invent ibn it wonld entail an 

20 advantage to substitute the Gly residues in the hydrophobic 
domain to bulkier and more hydrophobic residues, 

Such considerations apply for any hydroph.il ic or 
hydrophobic residue that say occupy any of the above 
mentioned position, meaning that any increase in 

25 hydrophobicity seems to be advantageous. This means that 

e.g. a Very hydrophilic residue such as the charged residues 
Arc m) , Asp ID) , Giu (S) or bys (K) my be substituted by 
any residue that is lees hydrophilic. Such less hydrophilic 
residues comprises the residues Gly (0) , Cys it) , Ser {Si , 

30 Ala {A} , Thr (T) , Tyr {¥} , Gin (Q) , His CH) or Asa <N) . 

Similar considerations can be applied to other 
subtiiases having a hydrophobic domain in this part of the 
surface of the enzyme . 

In the context of this invention a subtilase is 

35 defined in accordance with Sie^en et a2, supra. In a more 
narrow sense, applicable to many embodiments of the 
invention, the subtiiases of interest are those belonging to 
ohe subgroups I-Si and 1--S2. In a more specific sense, many 


of the easfooaimenta of the Invention relate to serine 
proteases of gram- positive bacteria which can be brought 
into substantially unambiguous homology in their primary 
structure, with the subtilases listed in Table X above. 

5 The present invention also comprises any one or 

wore substitutions in the above mentioned positions in 
combination with any other substitution* deletion or 
addition to the amino acid sequence of the parent enzyme. 
Especially combinations witli other substitutions known to 

10 provide improved properties to the enzyme are envisaged. 

Such combinations compriss the positions; 223 
(improve oxidation stability), 218 (improves thermal, 
stability) , substitutions in the Ca-binding sites 
stabilising the enzyme, e.g. position 76, and many other 

'ft apparent from the prior art. furthermore, combinations with 
the variants mentioned in 961 are also contemplated 

specifically. 


At Single variants: 

Subtilisin bpn ! , Subtilisin Carisbero, Subtilisin 168, and 
Sufoiilisin DY variants? 


K136V, 

&13SI, 


K13SM, 

KX36F, 

SI 53 V,, 

S159I, 

&X59L, 

SX59M, 

SlS&F, 

T164V* 

T164X, 

TX64X., 

T164M f 

T164P, 

X170V, 

K170X, 

K170L f 

K170M. 

SC170F, 


E195I, 

B19Sb f 

Bissau 

BX9SF, 


Thermitase variants ; 


0136V,. 

Q136I, 

Q136L, 

Q3L36M, 

Q136F, 

T159V, 


TX59L, 

T1S9M, 

T1S9F, 

A164V, 

A164X, 


M64M, 

A164F, 

Y167V, ¥1671, 

YX67L, 

Y167M, 

YI67F, 

Y170V, 

Y17QI , 

YX70I*, 

YX7QM, 

YI7GF, 

S194V. 

S134X, 


SIMM, 

SX94F, 


Subtilisin 309, Subtilisin 147, and Bacillus PB92 protease 
variants : 


a.4 

E13SY, B136I, EX36L, EX36M, EX3SF, 
GX59X, $X59n> <3lS§F, 

01 64V, G1642 , G164L, &1S4M, Gi64P, |BLSX4?| 

81€4V, SX«4X S Simh* S1S4M, SX64F, {BLS309 AM3 BAPB92 S 

3 YX07V, Y1S7X, YXS7L, Y1&7M, Y167F, 

&170v, &170X (both disclaimed for PASB92) , 

R170L, E17QM {disclaimed for PAPB92 } , R170P, R170G, 
RX7QC, 

AXMV., M.941, A194L, AX94M, AX94F, CBLS309 Mfp BAPB92) 

10 P194V, P194X, P194.L, M4M, P194F, (BLSX47) 

BX9SV, FX9SX, EX9SL, EX9SM, E195F, {Bn-81471 

G19SV, GX9SL, G13SF, (BLS309 ASJD BAPB92* 


IS B: Corshiuacion Variants; 

Any of the above variants are contemplated to 
prove advantageous if combined with other variants in any of 
the positions: 27, 36, 57, 76, 101, 104, 123 , 2X8, 222, 224 
20 and 274. 

Specifically the following BBS309 variants are 
considered appropriate for combination; 

mm, *36£>, S57P, SXOXG, V104A, ¥X04H f V104Y, NX23S, 

&194P, Q206E, H2X8S, M222S, M222A, T224S and. T274A. 
25 Also such variants comprising any one or two of 

the substitutions X167X, XX70B, and/or XX701 in 

combination with any one or more of the other substitutions, 
deletions and/or insertions mentioned above are 
advantageous . 

30 Furthermore, variants comprising any of the 

variants Y1O4N+S101G, K27R+m04Y+H123S+T274A, or H76D*Y104A, 
in combination with any one or more of the substitutions , 
deletions and/or insertions mentioned above are deemed to 
exhibit improved properties, 

35 Specific combinations to be mentioned are; 

a) S57P4-RX70L 
a'} SS7F-rR.l.?0I 

b) S170L+N21SS 


wo misms 


b ! } R170I*H2X8S 

c) S57P+RX70L+N2X8S 

CM S57P+RX7QX4-N2XSS 

C*<) SS7P+VX04Y+RX70L+8&XSS'. 
S e*»»} S57P4V104Y+R17QI+N218S 

d ! ) RX70X*$2X8S +M2228 

d* 5 ) R170Ii+N218S+M222A 

a**} EX70X+J?2X8S+M222S 

10 a) S57P*im0L+SX88P+M94P : 

a'} S57P+R170I+S188P+A194P 

f) Y1S7L+R170L 
t f ) Y167L+RX702 

g) YI67X+RX70L 
IS gM YX67X+RX70X 

h ! } M7SD*RX70I*H2X8S 

i} aS?P*337633*EX70I J +3S2X8S 

i s ) S57?+N76O+Rl?0r+H218S 

20 j } Sf7gD*RX7DL*H2X8S*M222A 

j ! } H76D+R170I+S218S+M222S 

j » 5 } OT6D+R170L+K2X8S+M222S 

k) S57P*RX70X+S188S*AX94S>+im8S 

25 k 5 ) S5?JN-»170I+S188»*AX94P+S2X8S 

1} * 3 6D+N76»+HX2OD«m70X>GX951*K235X» 

1 1 ) * 3 6D+N?£D+BX20D+R170X*G195S*ISr35L 

m) N7€D+H120D+R170L+Oi9Sfi*KS^.Slj 

m* ) H7SD*HX2013+RX7QX*GX95B*K235L 

30 n) *3S?3*G97H+VX04Y4HX20i>+&X70I J *^X94P+GX95E*K235X. 

»*) *3SD*G97N+VX04Y+H120D*RX782*aX94P*GX95E-cK23SL 

O) SS7P4-RX?0L-;-Q20SS 

o«) S57P+RX70I+0206E 

p) EX70L+Q206B 

35 pM RX702+Q206E 

q}. YXS7X+R17GL+Q2G6E 

g 5 5 YX67X+RX7G2*Q2Q6E 

r: YI6?F*RI70L 


wo %&mm -pcm.mmmw 
zf 

Y1S7X+B170L*JU£4$ 
Y167 X+Rl 70 I+AI 94 P 
Y167I ♦R170L+N218S 
¥1671 0 1 4-N2 1 SB 
YlS?:i>Rl 7 0 h +A1 9 4 P+H2 18S 
YX€ 71 +R170I+Ai94P+!O18S 
R170L+P131V 
R17QI+P131V 
y) *3€C+Y167I*R170L 
y'> *36»4Y1S7I+R1?0I 

Y167X+YX7XX 
aa) Yig7V*Rl70L 
aa«} YX67V+R170X 

The present invention also comprises the Use of 
tine mutant ensrymas of the invention in cleaning and 
detergent compositions and such compositions comprising the 
mutant subtilisia enzyme-* Such cleaning and detergent 
compositions can in principle have any physical form* tout 
the snhtiiase variants are preferably incorporated in liquid 
detergent compositions or in detergent compositions in the 
form of bars, tablets, sticks and the like for direct 
application, wherein they exhibit improved encyme stability. 

Among the detergent compositions of the present 
invention are first of all liquid detergents, especially 
aqueous liquid detergents having for example a homogeneous 
physical character, e.g. they can consist of a micellar 
solution of surfactants in a continuous aqueous phase, so- 
called isotropic liquids, 

Alternatively and preferably, they can have a 
heterogeneous physical phase and they can be structured, for 

pie they can consist of a dispersion of lamellar 
droplets in a continuous aqueous phase, for example 
omprisis si la lyraer havis \ 

backbone and at least one hydrophobic side chain, as 
described in SP-h~34© 995 (Unilever) (incorporated herein by 


m 

reference) . These latter liquids are het«rogreaeoua and may 
contain suspended solid particles such as particles of 
builder materials e.g. of the kinds mentioned below. 

Preferably, the liquid cleaning and detergent 
5 compositions of the invention should hato& a high electrolyte 
concentration, such as described in BP-&-328 177, BP~.a-3S3 
308, EP-A-32S 176, EF-A-346 995 {all Unilever) « 

Such compositions comprise in addition to any one 
or more of the subtilisin enzyme variants In accordance to 
I0 any of the preceding aspects of the invention alone or in 
combination any of the usual components included in such 
compositions which are w@ll~teosm to the person skilled in 
the art. 

Such components comprise builders,, such as 
IS phosphate or zeolite builders, surfactants, such as anionic, 
cationic, non-ionic or &wirterionie type surfactants, 
polymers, such as acrylic or equivalent polymers, bieaeh 
systems, such as perborate- or amino -containing bleach 
precursors or activators, structurants, such as silicate 
20 atructurants, alkali or acid to adjust pH, humectants, 
and/or neutral inorganic salts. 

Furthermore, a number of optional ingredients are 
normally present in the compositions of the invention, such 
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A. 

Optional Cosu rf actants 


B„ 

Tartrate Succinate Builder 


C« 

Kent rai i ta t ion Sys tern 


D, 

Suds Suppressor 


E» 

Other insymes 

30 

F> 

Other Optional Components 


The weight ratio of synthetic anionic surfactant 
to ethoxylated nonionic surfactant is from 1:1 to 5:1. The 
compositions have a pH in a 10% by weight, solution in water 
at 20 ;: C of from 7.0 to 9.0, a Critical Micelle Concentration 
35 of less than or equal to 200 ppm, and an air /water 

Interfacial Tension at the Critical Micelle Concentration of 
less than or equal to 32 dynes/cm at 3S°C in distilled water. 
The compositions are preferably clear, homogeneous and phase 


WO PCX/EP"- ■-' ' 

stable, ana nave good clemming pexfspaance and enssyme 
stability, 

3ISEI£EUi...CCMP0HENTa,;. 
5 1. Synthetic Anionic Surfactant 

^" 1 " s X- v. ant Lo5 

contain from about 10% to about so%, preferably from about 
15% to about S0%, more preferably from about 20% to 40%, and 
most preferably from 20% to about 30%, toy weight of a 

10 natural or synthetic anionic surfactant, . Suitable natural or 
synthetic anionic surfactants e*g. soaps and such as 
disclosed in 285 841, and in VS~&~* 929 fi?8. 

Useful anionic surfactants include the water- 
soluble salts, particularly the alkali metal, amttoninm and 

15 alkylolaasmonium (e.g., monoetnauolammoniusa or triethanol- 
aa«noni«m) salts, of organic sulfuric reaction products 
baling in their molecular structure an alkyl group 
containing from about 10 to about 20 carbon atoms- and a 
sulphonic acid or sulphuric acid ester group. {Included in 

20 the mxm *»lkyX* is the alkyl portion of aryl groups, ) 
Examples of this group of synthetic surfactants are the 
alkyl sulfates, especially those obtained toy sulfating the 
higher alcohols <C*~C i? cartoon atoms) such as those produced 
by reducing the glycerides of tallow or coconut oil; and the 

25 alkylhenssene sulfonates in which the alkyl group contains 
from about 9 to about IS carbon atoms, in straight chain or 
branched chain configure t ion , e.g. , those of the type 
described in U.S. Patents 2 220 099 and 2 47? 383. 
Especially valuable are linear straight chain alkyxhsnsene 

30 sulfonates in which the average number of carbon atoms in 
the alkyl group is from about 11 to 14 « 

Other anionic surfactants herein are the water- 
soluble salts of; paraffin sulfonates containing from 8 to 
about 24 (preferably about 12 to 28} carbon atoms; alkyl 

35 glyceryl ether sulfonates, especially those ethers of C 8 -C 1S 
alcohols (e.g. , those derived from tallow and coconut oil) ; 
alkyl phenol ethylene oxide ether sulfates containing from i 
to about 4 unite of ethylene oxide per molecule and from- 3 
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to 12 carbon atoms In the alkyl group? m& alkyl ethylene 
oxide ether sulfates containing 1 to 4 units of ethylene 
oxide per molecule and from 10 to .20 carbon atoms in the 
alkyl group. 

5 Other useful anionic surfactants include the 

water-soluble salts of esters of so -sulfonated, fatty acids 
containing from 6 to 20 carbon atoms in the fatty acid group 
and from i to 10 carbon atoms in the ester group; water- 
soluble salts of 2-aeyl.oxy~alh&ne-l-sulphonie acids 

10 containing from 2 to 9 carbon atoms in the acyl group and 
from S to 23 carbon atoms in the alkane moiety; water- 
soluble salts of olefin sulfonates containing from 12 to 24 
carbon atoms; and p-alkyloxy alkane sulfonates containing 
from l to 3 carbon atoms in the alkyl group and from 8 to 20 

IS carbon atoms in the alkane moiety. 

Preferred anionic surfactants are the C iS -C ;? alkyl 
sulfates and alkyl ethoxy sulfates containing an average of 
up to 4 ethylene oxide wits per mole of alkyl sulfate 
C :l 5 linear alkyl .benaene sulfonates, and mixtures thereof , 

20 

2, Ethoxylated Nonionic Surfactant 

A second optional ingredient is from 2% to 14% 
preferably from 2% to 8%, most preferably from 3% to 5% by 
weight f of an ethoxylated nonionic surfactant. The weight 

25 ratio of synthetic anionic surfactant (on an acid basis) to 
nonionic surfactant is from 1:1 to Stl preferably from 2:1 
to most preferably from 3:1 to 4:1. This is to ensure 

the formation and adsorption of sufficient hardness 
surfactants at the air/water interface to provide good 

30 greasy/ oily soil removal. 

The ethoxylated nonionic surfactant is of the 
formula RM0C,Ho), qh, wherein R 1 is a C ;0 --Cy ; al'kyi group or a 
C;~C. ; alkyl phenyl group, n is from 3 to 9, and said 
nonionic surfactant has an HLB (Bydrophiiie OLdpophilio 

35 Balance) of from 6 to 14, preferably from 10 to 13, These 
surfactants are more fully described in OS-h-4 285 841, and 
V-S-K-4 284 532, Particularly preferred are condensation 
products of C n ~C Vj alcohols with from 3 to 0 moles of 
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ethylene ax±<3® per jaole of alcohol, e.g., C^C n alcohol 
condensed with about S.S moles of ethylene oxide per mole of 
alcohol. Other nonionic Surfactants to be mentioned are &PG, 
EGE and gliicami.de surfactants . 

5 

3, Detergency Builder 

.teong the usual detergent ingredients which say be 
present in usual amounts in the detergent compositions of 
this invention are the following: The compositions tmy be 

10 built or unbuilt, and may be of the zaro-P type (i.e. not 
containing any phosphorus containing builders } . Thus, the 
composition say contain in the aggregate for example from 
1-50%, e.g. at least about S% and often up to about 35-40% 
by weight, of one or more organic and/ or inorganic builders, 

IS Typical examples of builders include those already mentioned 
above,, and more broadly include alkali metal or* ho, pyro, 
and tripoiy-phosphat.es, alkali metal carbonates, either 
alone or in admixture with sal cite, alkali metal citrates, 
alkali metal nitrilotri&cetates, carboxyjtethylo^succinates f 

20 zeolites, polysestalcarboxylates, and so on. 

More specifically, the compositions herein contain 
from 5% to 20%-, preferably firom 10% to xs%, by weight of a 
detergency builder which can be a fatty acid containing from 
10 to 18 carbon atoms and/or a poiycarboxyiate, seoiite, 

25 polyphoshonate and/or polyphosphate a builder. Preferred are 
from 0 to 10% (more preferably from 3% to 10%) by weight of 
saturated fatty acids containing from 12 to 14 carbon atoms, 
along with from 0 to 10%, more preferably from 2% to 8%, 
most preferably from 2% to 5%, by weight of a 

30 polycarbonate builder, most preferably citric acid, in a 
weight ratio of from 1;1 to 3;1. 

Since the proteolytic enzymes herein appear to 
provide optimum storage stability benefits versus other 
enzymes when the builder to water hardness ratio is close to 

35 one, the compositions preferably contain sufficient builder 
to sequester from 2 to 10, preferably from 3 to 8, grains 
per gallon of hardness. 

Suitable saturated fatty eeids can be obtained 


from .natural, sources sudi --as plant or animal esters (e.f,, 
palm kernel oil, palm oil and coconut oil! or synthetically 
prepared (e.g., via the oxidation of petroleum or by 
hydrops nation of carbon monoxide vis the Fisher- Tropsch 
.5 process) , Examples of suitable saturated fatty acids for use 
in the compositions of this invention include capric, 
lauric, myristic, coconut:, and palm kernel fatty acid. 
Preferred are saturated coconut fatty solas; from 5; I to 1:1 
(preferably about 3*1} weight ratio mixtures of laurie and 

10 myristie acid; mixtures of the above with minor amounts 

(e.g., 1%«3G% of total fatty acid) of oleic acid? and palm 
kernel fatty acid. 

The compositions herein preferably also contain 
the poiyearboxylate, polyphosphonate and polyphosphate 

15 builders described in 284 532, Water-soluble 

poiyearboxylate builders, particularly citrates, are 
preferred of this group. Suitable poiyearboxylate builders 
include the various aminopo.lycarboxylat.es , cycloalkaae 
polycarboxyiates, ether polycarboxylat.es, alkyl 

20 polycarboxyiates, epoxy polycarboxyiates, tetrahydrofnran 
polycarboxyiates, benzene polycarboxyiates, and polyacetal 
polycarboxyiates ♦ 

Examples of such poiyearboxylate builders are 
sodium and potassium ethyienediaminetetraacetate t sodium and 

25 potassium nit r i io triacetate ? the water-soluble salts of 

phytic acid,, e.g. , sodium and potassium phytates, disclosed 
in US-A-l 739 942, the polyc ; tee materials described 
in US- A- 3 364 103? and the water-soluble salts of 
polyca'rboxy lat e polymers and copolymers described in US- A- 3 

30 308 067, 

Other useful datergency builders include the 
water-soluble salts of polymeric aliphatic po.Iycarboxyiic 
acids having the following structural and physical 
characteristics: (a) a minimum molecular weight of abom; 350 
35 calculated as to the acid torn? lb) an equivalent weight of 
SO to 80 calculated as to acid form; (3) at least 45 mole 
percent of the monomeric species having at least two 
carboxyl radicals separated from each other by not more than 
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two carbon atoms? Cd) the site of attachment of the polymer 
chain of any carfeoxyl « containing radical being separated by 
not more than three carbon atoms along the polymer chain 
from the site of attachment of the next carboxyl - containing 
S radical. Specific examples of such builders are the polymers 
and copolymers of itaconic acid, aconitio acid, maleie acid, 
mesaconic acid, fumarie acid, methylene malonic acid, and 
citraeonie acid. 

Other suitable polyearboxylate builders include 

10 the water- soluble salts, especially the sodium and potassium 
salts, of msilitic acid, citric acid, pyromelXitic acid, 
benzene pentacarboxylic acid, oxydiacetic acid, 
carboxymsthyloxysucciaic acid, carboxytnethylo^c/malonic acid, 
cis - cycloheacanehexacartooxylic acid, els - ey ciopentane » 

.15 t« tricarboxylic acid and oxydisuceiuic acid. 

Other poiycarfeoxylatas are the polyacetal 
carboxflates described in ®S~&~4 144 226, and 146 
495 , 

Other detergency builders include the zeolites, 
20 such as the aluminosllicate ion exchange material described 
in 

OS -A- 4 4 OS 483, 

Other preferred builders are those of the general 
fortmila R- CK { CODE) CB t (COOH) , i.e.. derivatives of succinic 

25 acid, wherein R is C 58 -C ?Q alky! or alkenyl, preferably C n ~ 
C,. s , or wherein R may be substituted with hydroxy! , sulfo, 
sulfoxy or sulfone subetituents » These succinate builders 
are preferably used in the form of their water soluble 
salts, including the sodium, potass irim and alkanol ammonium 

30 salts. Specific examples of succinate builders includes 

lauryl succinate, wyxistyl succinate, palmityl succinate, 2- 
dodeceeyi succinate, and the like. 

4. Proteolytic Snssysae 
35 The enzymes of the invention can be used in 

well-known standard amounts in detergent compositions * The 
amounts may ranee very widely, e.g. about 0.0002-0.1, e.g. 
about 0.005-0.05, Anson units per a ram of the detergent 
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composition. Expressed i» alte;rnative twits, the protease 
can be included in the compositions in amounts in the order 
of from about 0.1 to 100 GU/mg (e<g, l~S0 f especially S-20 
GU/mg) of the detergent formulation, or any amount in a wide 
5 range centering at about 0,01-4, e.g. 0,1-0,4 KHPU per g of 
detergent formulation. 

It iay for example be suitable to use the present 
enzymes at the rate of about 0,2S ®g of ©aayme protein per 
litre of wash liquor, corresponding to an enzyme activity of 

10 the order of 0.08 KNPU per litre, Corresponding detergent 
formulations can contain the enzymes in for example an 
amount of the order of 0.1-0-4 W/j. 

Expressed differently the compositions of the 
present invention contain from about 0.01% to about 5%, 

IS preferably from about 0.1% to about 3%, toy weight of the 
proteolytic enzymes of the invention. 

The described proteolytic &nzym is preferably 
included in an amount sufficient to provide an activity of 
from 0. OS to about X.0, more preferably from about 0.1 to 

20 0, 75 , most prefaraMy from about 0.12S to about O.Symg of 
active enzyme per gram of composition. 

5. Enzyme Stabilization System 

The liquid detergents according to the present 

25 invention may comprise An enzyme stabilization system, 

comprising calcium ion, boric acid, propylene glycol and/or 
short chain carboxylic acids. The enzyme stabilization 
srs * v ^ixbcs from about 0,S% to about 15% by weight of 
the composition. 

30 The composition preferably contains from about 

0,01 to about SO, preferably from about 0.1 to about 30, 
more preferably from about 1 to 20 millimolas of calcium ion 
per liter. The level of calcium ion should be selected so 
that there is always some minimum level available for the 

35 enzyme, after allowing for complexation with builders etc. 
in the composition, toy water-soluble calcium salt can be 
used as the source Of calcium ion f including calcium 
chloride, calcium formate, and calcium acetate. A small 
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amount of calcium ion, generally from about 0.05 to 0,4 
millimoies per liter, is often also present in the 
composition due to calcium- in thm &mym slurry and formula 
water. From about 0.03% to about 0.6% of calcium formate is 
5 preferred , 

A second preferred engyme stabilizer is polyole 
containing only carbon, hydrogen and oxygen atoms. They 
preferably contain from 2 to $ carbon atoms and from 2 to € 
hydroxy groups , Examples include propylene glycol 

10 (especially 1,2 -propanediol, which is preferred), ethylene 
glycol, glycerol, sorbitol, ssaanitol, and glucose. The 
polyol generally represents froav about 0.5* to 15%, 
preferably from about 1.5% to about 8%, by weight of the 
composition. Preferably, the weight ratio of polyol to any 

15 boric acid added is at least 1, more preferably at least 
1,3. 

The compositions preferably also contain the 
water- soluble, short chain carboxylases described in 
313 818, The formates ere preferred and can toe used at 

20 levels of from about 0< 05% to about S%, preferably from 
about 0.2% to about 2%, ssost preferably from 0.4% to x»5%, 
by weight of the composition. Sodium fonsate is preferred. 
The compositions herein also optionally contain 
from about 0.25% to about s%, most preferably from about 

25 0,5% to about 3%, by weight of boric acid. The boric acid 
may be, but is preferably not, formed by a compound capable 
of forming boric acid in the composition. Boric acid is 
preferred, although other compounds such as boric oxide, 
borax and other alkali metal borates (e.g., sodium ortho- , 

30 meta- and pyroborate, and sodium pentaborate) are suitable. 
[Substituted boric acids fe.gr..,. phenylboronie acid, butane 
boronic acid, and p-bromo phenylboronie acid) can also be 
used in place of boric acid, 

35 6. Mater 

The liquid detergent compositions of the present 
invention may he aqueous liquids or non- aqueous liquids. 
When the are aqueous liquids, they contain from about 15% to 



about 60% , preferably from about 2S% to about 45%, by weight.: 
of water. 
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A, Optional Cosurfactants 

Optimal cosurfactaats for use with the above 
ethoasylated nonionic surfactants include amides of the 
formula 
10 0 E 5 ' 

9 I 
R 1 - C - B - R J 

wherein E 5 is an alteyi , hydroxyalkyl or aikenyi radical 

J 5 containing from 8 to 20 carbon atoms, and R* and R 3 are 
selected from the group consisting of hydrogen, methyl, 
ethyl , propyl , isopropyl , 2 - hydroxyethyl , 2 - hydroxypropyl , 
3~hydroxypropyl, and said radicals additionally containing 
up to S ethylene oxide units, provided at least one of E s and 

20 R 3 contains a hydroxyl groitp. 

Preferred amides are the C»-C« fatty acid aifcylol 
amides in which each alkyloi group contains from 1 to 3 
cartoon atoms, and additionally can contain up to 2 ethylene 
oxide units. Particularly preferred are the C ti -C u fatty acid 

25 monoethanol and diethanol amides. 

If used, amides are preferably present at a level 
such that the above ethoxylated nonionie surfactant and 
amide surfactant is in a weight ratio of from 4 1 1 to HA, 
preferably from 3 ;X to 1*3,* 

30 Preferred and optional eosurf act ants,, used at a 

level of from 0.15% to 1%, are the quaternary aosaonium, 
amine and amine oxide surfactants described in us-A-4 SO? 
219. 

Of the above, the C 3tr C,< alkyl trimsthyl&mmonxnm 
35 salts are preferred, e.g., decyi trimethyiaiamonium 

metiiyisulfate, lauryl trimethylammoniutn chloride, myristyl 
trimethyiammonium bromide, and coconut trimethyia-mraoaium 
chloride and methylsulfate. From 0,2% to 0,8% of monoalkyl 
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txiajethylamonium chloride is preferred, 

B < Tartrate Succinate Buil<3er 

The compositions herein preferably contain from 0 
5 to about 10% f preferably from 0 to about 6%, by weight on an 
acid basis,, of a tartrate, succinate builder material 
selected from the group consisting of c 

1) HOCH ~ CK - 0 ~ CH -CK2 

10 I i | ) 

COOK coox coox coox 
wherein X is a salt -forming cation; 

ii) CM*- CH - 0 - CM - CH ~0 •• CH - CHj 

15 I | | | || 

COOK COOX COOX COOX COOX CQQX 

wherein X is a salt-fotmiag nation? and 

20 iii) fixtures thereof. 

The tartrate succinate compounds used herein are 
described in us -A -4 663 0?x. 

2.5 G, Neutralisation System 

The present compositions can also optionally 
contain from about 0 to about 0.04 moles,, preferably from 
about 0.01 to 0.03S moles,, more preferably from about 0.015 
to about 0.03 mol«s, per 100 grams of composition of an 

30 alkanola.rn.ine selected from the group consisting of 
monoe t hartolamine , diet hanoismine , trie tbanol amine ., and 
mixtures thereof. Low levels of the a Ikanoi amines, 
particularly monoethaaolamine, are preferred to enhance 
product stability, detergency performance, and odour. 

35 However, the aaaotmt of alk.anola.mine should be minimised for 
best chlorine bleach compatibility. 

In addition, the compositions contain sodium ions, 
and preferably potassium iocs, at a level sufficient to 
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alias the anionic species and provide the desired 


D . Suds Suppressor 
5 Another optional component for use in the liquid 

detergents herein is from 0 to about 1.5%, preferably from 
about 0.5% to about 1.0%, by weight of silicone based suds 

Silicones are widely known and taught for use as 
10 highly effective suds controlling agents. For example, us -A- 
3 455 839 relates to compositions and processes for 

solutions by incorporating therein small 
of polydimetbylsiloxane fluids, 

Useful suds controlling silicones are mixtures of 
IS silicone and silanated silica as described, for instance, in 
German Patent Application ds.~a-2 124 526. 

Silicone def oarers and suds controlling agessts 
have been successfully incorporated into granular detergent 
compositions by protecting tfeem from detergent surfactants 
20 as in 8vS, Patents 3 933 672 and 4 €52 352. 

•A preferred silicone based suds suppressor for use 
herein is a suds suppressing amount of a suds controlling 
ly of ; 


25 {1} polydimethylsiloxane fluid having a viscosity of fror 
about 20 cs. to about 1500 cs. at 25°C; 

Cii) from about 5 to about SO parts per 100 parts by 

weight of Ci) of alloxans resin composed of (CH-J, 
30 SiO x/2 units and Si0 2 units in a ratio of from (Cib), 

SiO in units and to S10 s units of from about 0.6x1 to 
about 1.2 : 1; and 

Ciii) from about 1 to about 20 parts per 100 parts by 
35 weight of (i) of a solid silica gel. 

By «suds suppressing amount" is meant that the 
formulator of the composition can select an amount of this 
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suds controlling ag 1 - rol the suds to the 

extent desired. The amount of suds control will vary with 
the detergent surfactant selected. For example, with high 

sv < oi * te sues centre v in< 
S agent is used to achieve the desired suds control than, with 
low foaming surf actants .. 

E. Other Enzymes 

The detergent compositions of the invention may also 

10 contain further ensymes. 

For example, lipase can -usefully .be added in the form 
of a (granular composition {alternatively a] solution or a 
slurry of lipolytic e»»ys*e with carrier material Ce.g, as in 
EP-A-2S8 068 Cfero SSoraish &/S> . 

15 The added aaaouat of lipase can toe chosen within wide 

limits, for example 50 to 30,000 hV/g per gram of the 
surfactant system or of the detergent composition, e.g. 
often at least 100 LP/g, very usefully at least 500 LU/g , 
sometimes preferably above 1000, above 2000 1*0/9 or above 

20 4000 LU/g or more, thus very often within the range of 
SO -4000 LU/g, and possibly within the range of 200-iODO 
"W/b* Ia this specification, lipase units are defined as 
they are in EP-&-258 068. 

The lipolytic ensyme can foe chosen among a wide range 

25 of lipases . In particular, the lipases described in for 
example the following patent specifications? EP-A-214 761 
(Sovo -Ifordlsk &/S) f BP-A-2S8 068, and especially lipases 
showing immunological cross reactivity with aatisara raised 
against lipase from Thsrmomyc^B laxiuginosws &TCC 22070, BP- 

30 A-205 208 and EP-&-206 390, and especially lipases showing 
immunological cross- reactivity with antisera raised against 
lipase from Chromo&aet&r viscosum var lipolyticum NERL 
B-3673, or against lipase frcto Alca.2igs.nea PL- 679, ATCC 
.31371 and FSRM-P 3783, also the lipases described in 

35 specifications HO 87/00859 (Gist -Brocades} and EP-A-204 284 
{Sapporo Breweries;. Suitable, in particular, are for 
example the following cotamercially availahle lipase pre- 
parations j Lipolase* Novo Pordisk A/S, tono lipases CS, P, 
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Bf AP, M-AP, &ML, and CEB, and Meito lipases MY- 30, OF, and 

also Esterase® Mi t Liposgat, SP225, SF.28S (all JSTovo 
Nordisk) , Saiken lipase, Ensseco lipase, Toyo ugkg lipase and 
Diosyiith lipase (Trade Marks) , bumafast* IGenaeor Inch 
5 bdpomax* (Gist -Brocades H.¥.) , and lipases as described in 
WQ-A- 94/03578 (Unilever) 

Amylase can for example be used when desired, in an 
amount in the range of about 1 to about 100 W3 (maltose 
units) per gram of detergent, composition (or 0.014-1.4, e.g. 
10 0.07-0.7, mu/g (Novo tmits j ) . Amylases suitable are for 
example Teosaa^l* and BAN CNovo Nordisk A/8) . Cellulase can 
for example be used when desired, in an amount in the range 
of about 0.3 to about 33 CBVU units per gram of the 
detergent composition. Suitable callulases are for example 
15 Cellule* and Carezyme® (Hoy© Nordisk A/SK 

Other zmytm® contemplated to be used in the present 
indention are oxidases and peroxidases. 

P.. Other Optional Components 

20 Other optional components for use in the liquid 

detergents herein include soil removal agents, soil release 
polymers, antiredeposition agents such as tatraethylene 
pent amine ethoxylate (from about 0,5% to 3%, preferably from 
about 1% to about 3%, by weight} , suds regulants, 

25 hydrot ropes such as sodium eumene sulfonate, ©pacifiers , 
antioxidants, bactericides, dyes, perfumes, and brighteners 
known in the art. Such optional components generally 
represent less than about 15%, preferably from about 0.5% to 
10%, more preferably from about 1% to about 10%, by weight 

30 of the composition. 

ThB compositions may contain from 0% to about 8%, 
preferably from 0% to about 5%, by weight of a C n -C u alkenyi 
succinic acid or salt thereof. These materials are of the 
general formula R-CH(COOX) CH 2 (COQX) , wherein R is a C t2 -C M 

35 alkenyi group and each X is H or a suitable cation, such as 
sodium, potassium., ammonium or alkanol ammonium (e.g., mono - ,. 
di~, or tri-ethanolammoniiHa) . Specific examples are 2- 
dodecenyl succinate (preferred) and 2-tetradecenyl 
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succinate. 

The Cv f x - about 

O.X% to about 1%, pxre£< out 2.21 to about 0..6%, 

by weight of water-soluble salts of athylex3.adims.xBe 
5 tetramethylenephosphonic acid, diethyl enet riamine 

anic acid, ethylene diamine tetraacetic 
acid (preferred) , or diethyl enetriamine pencaacetie acid 
(most preferred) to enhance cleaning performance when 
pretreating fabrics. 
10 Furthermore, the detergent compositions may contain 

from 1-35% of a bleaching agent or a bleach precursor or a 
system comprising bleaching agent and/or precursor with ac- 
t ivator there f or « 

Further optional ingredients are lather boosters, 
15 anti- corrosion agents, soil "Suspending agents, sequestering 
agents, anti-soil redsposition agents, and so on. 

The compositions herein preferably contain up to 
about 10% of ethaaol. 

20 G< Other Properties 

The instant composition usually has a pH, in a 10% by 
weight solution in water at 20°$, of from about 7 « 0 to 3.0, 
preferably from about 8.0 to -about 3.5. 

The instant compositions also may have a Critical 

25 Micelle Concentration (CMC) of less than or equal to 200 
parts par million Cppm) , and an air/ water luterf acial 
Tension above the CMC of less than or equal to 22, 
preferably less than or equal to about 30, dynes per 
centimetre at 35°C in distilled water . These measurements are 

30 described in "'Measurement of Int. erf acini Tension and Surface 
Tension - General Review for Practical Man" c. Weeer, GIT 
Pacbseitschrift fur das Lafooratorium, M (1980) 642-648 and 
734-742, FIT Varlag Ernst Giebeler. Darmstadt, and 
,? Xnterfaeiai Phenomena - Equilibrium and Dynamic Effects*. 

35 C. A. Miller and P« ■JJfeogi, Chapter 1, pp. 29-36 (1985) , 
Marcel Bekker, Inc. Hew York. 

The compositions of the invention can be used for the 
washing of textile materials, especially, but without 
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limitation cotton arid polyester based textiles and mixtures 
there; Wox ax tj cashing p:c ses carri 
temperatures of about 60- 6S°C or lower,, e.g. about. 30-35*0 
or lower, are particularly suitable. It can be very suitable 
$ to use the compositions at a rate sufficient to provide 
about e.g. 0,4-0.8 g/1 of surfactant in. the vast liquor, 
although it is of course possible to use lower or higher 
concentrations , if desired* Without limitation it can for 
example foe stated that a nee- rate from about i to 10 g/I r 
10 e.g. from about 3-6 g/1, of the detergent formulation is 
suitable for use in the case when the formulations are 
substantially as in the Examples. 

in this aspect the invention is especially related 

to; 

IS a) A detergent composition formulated as an aqueous 
detergent liquid comprising anionic surfactant, nonionic 
surfactant, humeetant, organic acid, caustic alkali, with a 
pH adjusted to a value between 9 and 10. 

20 b) m detergent composition formulated as a non- aqueous 
detergent liquid comprising a liquid nonionic surfactant 
consisting essentially of linear alkoxylated primary 
alcohol, triaeetin, sodium triphosphate, caustic alkali, 
perborate monohydrate bleach precursor, and tertiary amine 

25 bleach activator, with a pH adjusted to a value between 
about B and 10. 

c) An enzymatic liquid detergent composition formulated 
to give a wash liquor pB of § or less when used at a rate 

30 corresponding to 0.4-0.8 g/1 surfactant. 

d) An enzymatic liquid detergent composition formulated 
to give a wash liquor pK of 8,5 or more when used at a rate 
corresponding- to 0.4-0.8 g/1 surfactant. 

IS 

es &o enzymatic liquid detergent composition formulated 

to give a wash liquor ionic strength of 0.03 or less, e.g.* 
0 . 02 or less, whan used at a rate corresponding to 0.4-0.8 


wo mmrns 

g/1 surfactant: . 


f) Mi enzymatic liquid detergent composition formulated 

to give a wash liquor ionic strength of o.oi or more, e.g. 
5 0,02 or more,, when used at a rate corrasponding to 0.4-0.8 
g/1 surfactant. 

It was found that the snhtilase variants of the 
present invention can also be usefully incorporated in 
detergent composition in the form of bars, tablets, sticks 
16 and the like for direct application to fabrics, hard 

surfaces or any other surface. In particular, they can be 
incorporated into soap or soap/synthetic compositions in bar 
form, wherein they exhibit a ressarkable enzyme stability, 

Detergent composition in the form of bars, tablets, 
15 sticks and the like for direct application, are for example 
described in South African Patent 93/7274, incorporated 
herein by reference. Accordingly, the preferred bars in 
accordance with this invention comprise, in addition to the 
subtilase variant : 
20 i} 25 to 80%, most preferably 25 to 70%, by weight of 

detergent active which is soap or a mixture of soap 

and synthetic aetergent active, reckoned as 

anhydrous? 

ii) 0 to 50 % and, most preferably, io to 30% by 
25 weight of water; 

iii) 0 to 35% and, most preferably, o.l to 30% toy 
weight filler. 

In general, the amount of subtilase variant to be 
included in such compositions of the invention is such that 
30 it corresponds with a proteolytic activity of 0.1 to 100 
GUVmg based on the composition, preferably 0.5 to 2OG0/jag, 
most preferably 1.0 to XOGU/mg, where GOVmg is glycine unit 
per milligram. 

Many methods for introducing mutations into genes are 
well known in the art. After a brief discussion of cloning 
subtilase genes, methods for generating nutations in both 
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random sites, and specific sites, within the subtilase gene 
will be discusses, 


5 The gene encoding a subtilase may be cloned from any 

of the organisms indicated In Table I, especially gram- 
positive bacteria or fungus, by various methods, well known 
in the art. First a genomic, and/or eDNA library of XMh must 
be constructed using chroroosoml BHA or messenger m& from 

10 the organism that produces the subtilase to foe studied. 

Then., if the amino -acid sequence of the subtilase is known., 
homologous., labelled oligonucleotide probes may foe synthesi- 
zed and used to identify subtilisin- encoding clones from a 
genomic library of bacterial TM&, or from a ei>NA library. 

15 Alternatively, a labelled oligonucleotide probe containing 
sequences homologous to subtilase from another strain of 
bacteria or organism could be used as a probe to identify 
subtilase -eucoding clones, using hybridisation and washing 
conditions of lower stringency. 

20: Yet another method for identifying subtil&se~pro- 

ducing clones would involve inserting fragments of genomic 
BNA into an expression vector, .such as a plasmid, transfor- 
ming protease-negative bacteria with the resulting genomic 
MA library, and then plating the transformed bacteria onto 

25 agar containing a substrate for subtilase, such as skim 
milk. Those bacteria containing subtilase -bearing plasmid 
will produce colonies surrounded by a halo of clear agar, 
due to digestion of the skim milk by excreted subtilase. 


Once the subtilase gene has been cloned into a sui- 
table vector., such as a plasmid, several methods can be used 
to introduce random mutations into the gene. 

One .method would be to incorporate the cloned subti- 
35 lass gene, as part of a retrievable vector, into a mutator 
strain of E&chericia eoli. 

Another method would involve generating a single 
stranded form of the subtilase gene, and then annealing the 


# 

fragment of tm& containing- the eubtilase gene with another 
OTA fragment such that a portion of the subtiiase gene 
regained single stranded, Vffii& ■ discrete , single stranded 
region could then be exposed to any of a nmsber of mutagen!- 
5 sing agent®, including , but not limited to, sodium 

bisulfite, hydroxy! amine, nitrous acid, formic acid, or 
hydralazine. A specific example of this method for 
generating random mutations is described by Shortle and 
Hafcfcans (1978 > Proc. J»tJt. Acad. Sci. U,g f &. ,lS 2170 -2 174 } . 

10 According to the Shortle and Kathans method, the plasmid 
.bearing the subtilase gene would be nicked by a restriction 
enzyme that cleaves within the gene. This nick would be 
widened into a gap using the exonucleaae action of SKA 
polymerase. I. The resulting single- stranded gap could then 

15 be jmitageniaed using any one of the above mentioned 
mutagenising agents. 

Alternatively, the subtil isin gene from a Bacillus 
species including the natural, promoter and other control 
sequences could be cloned into a plasmid vector containing 

20 replicons for both E, coli and B< auhcilis, a selectable 
phenotypie marker and the MX3 origin of replication for 
production of single -stranded plasmid mh upon 
superinfection with helper phage irju Single- stranded 
plasmid mk containing the cloned suhtiiisin gene is 

25 isolated and annealed with a SHU fragment containing vector 
sequences but not the coding region of subtilisin, resulting 
in a gapped duplex, molecule. Mutations are introduced info 
the subtiiisin gene either with sodium bisulfite, nitrous 
acid or formic acid or by replication in a mutator strain of 

30 soli as described above. Since sodium bisulfite reacts 
exclusively with eytosine in a single- stranded mk r the 
mutations created with this mutagen are restricted only to 
the coding regions. Reaction time and bisulfite con- 
centrat ion are varied in different experiments such that 

35 from one to five mutations are created per subtil is in gene 
on average. Incubation of 10 jug of gapped duplex DNA in 4 M 
Na~ bisulfite, p.H, 6.0, for 3 minutes at 37*C in a reaction 
volume of 400 ul , deaminatss about 1% of cytosines in the 


k* 

single- stranded region. The coding region of mature 
subtilisin contains about 200 eytosines,, depending on the 
1>KA strand* Advantageously., the reaction time is varied from 
about 4 minutes I to produce a mutation frequency of about 
one in 200) to about 20 minutes (about 8 ,1b 200} « 

After mutagenesis the gapped molecules are treated in 
vitro with mh polymerase I {JEienow fragment) to make fully 
double- stranded molecules and fix the mutations. Competent 
E* coll are then transformed with the mutagenized Dm to 
produce an amplified library of mutant subtil is ins. 
Amplified mutant libraries can also be made by growing the 
plasmid mh in a Mat D strain of E „ coli which increases the 
range of mutations due to its error prone BHA polymerase. 

The mutagens nitrous acid and formic acid may also be 
used to produce mutant libraries. Because these chemicals 
are not as specific for single-stranded » as sodium bi- 
sulfite, the mutagenesis reactions are performed according 
to the following procedure. The coding portion of the subti- 
lisin gene is cloned in M13 phage by standard methods and 
single stranded phage xmh prepared. The single -stranded dm 
is then reacted with l M nitrous acid pH. 4.3 for is ~S0 
minutes at 23*C or 2.4 K formic acid for 1«S minutes at 
23 *C. These ranges of reaction times produce a mutation 
frequency of from l in 1000 to S in 1000.. After: mutagenesis, 
a universal primer is annealed to the M13 m& and duplex DHA 
is synthesized using the mutageaissed single - stranded DMA as 
a template so that the coding portion of the sub ti lisin gene 
becomes fully double- stranded. At this point the ceding 
region can be cut out of the M13 vector with restriction 
enzymes and iigsted into an un -mutagen! zed expression vector 
so that mutations occur only in the restriction fragment. 
(Myers ec al Science 229 243-25? (1985) } * 


35 Once the subtilase gene has been cloned, and de- 

sirable sites for mutation identified and the residue to 
substitute for the original ones have been decided, these 
mutations can foe Introduced using synthetic 


m 

oligonucleotides, These oligonucleotides contain nucleotide 
sequences flanking tte teirecl satatioa sites? i&ttaat 
, nucleotides are inserted during oligonucleotide synthesis, 
In & preferred method, a single stranded gap of Jm, 
5 bridging the subtilase gene, is created in a vector bearing 
the subtilase gene. Then the synthetic nucleotide, hearing 
the desired imitation, is annealed to a homologous portion of 
the single-stranded m&. Tim remaining gap is then filled in 
by DNA polymerase I (Xlenow fragment) and the construct is 

10 ligated using T4 iigase. A specific example of this .method 
is described in Morinaga et a2. t (1984, Biotechnology 2 646.- 
S3SK According to Morinaga et al., a fragment within the 
gene is removed using restriction andonnclease. The 
vector/gene, now containing a gap, is then denatured and 

IS hybridised to a vector/gene which, instead of containing a 
gap., has been cleaved with another restriction, eadonuclease 
at a site outside the area involved in the gap, A single- 
stranded region of the gene is then available for hybridisa- 
tion with mutated oligonucleotides, the regaining gap is 

20 filled in by the Kienos? fragment, of DHA polymerase I, the 
insertions are ligated with T4 Dm iigase, and, after one 
cycle of replication, a double -. stranded plasmid bearing the 
desired mutation is produced. The Morinaga method obviates 
the additional manipulation of constructing new restriction 

25 sites, and therefore facilitates the generation of mutations 
at multiple sites. uiS* Reissue Patent number 34,606 by 
Bstell et al., issued May 10, ISM, is able to introduce 
oligonucleotides bearing multiple mutations by performing 
minor alterations of the cassette, however, an even greater 

38 variety of mutations can be introduced at any one time by 
the Ifcsrinaga method, because a multitude of 
oligonucleotides, of various lengths, can be introduced. 

ISiitiii^lLiL^ 

35 According to the invention,, a mutated subtilase gene 

produced by methods described above, or any alternative 
methods known in the art, can be expressed, in enzyme form, 
using an expression vector. An expression vector generally 
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fails under the definition of a cloning vector, since an 
egression vector usually includes the components of a 
typical cloning vector, namely, an element that permits 
autonomous replication of t&e vector in a microorganism 
5 independent of the genome of the microorganism, and one or 
more phenotypie markers for selection purposes. An 
expression vector includes control sequences encoding a 
promoter, operator, ribosome binding site, translation 
initiation signal, and, optionally, a repressor gene or 

10 various activator genes. To permit the secretion of the ex- 
pressed protein, nucleotides encoding a "signal sequence* 
may be inserted prior to the coding sequence of the gene. 
For expression under the direction of control sequences, a 
target gene to be treated according to the invention is 

15 operahly linked to the control sequences in the proper 
reading frame. Promoter sequences that can be incorporated 
into plasmid vectors, and which can support the 
transcription of the mutant subtilase gene, include but are 
not limited to the prok&ryotie S~ lactamase promoter {viUa- 

20 Mmrotf, et ai. {1378} Procu mtl. Acad, $ci« U.S.A. 15 

3727-37315 and. the tac promoter {DeSoer, et &1. {1383} Broc 
mtl. Acad, Sci. U.S.A. 80 21-25). Further references can 
also be found in * Useful proteins from recombinant bacteria.* 
in Scientific American (13805 242 74-94. 

25 According to one embodiment B. subtilis is transfor- 

med by an expression vector carrying the mutated If ex- 

pression is to take place in a secreting mi eroorgani sm snob 
as B. BUbtiliB a signal sequence may follow the translation 
initiation signal and precede the DNA sequence of interest, 

30 The signal sequence acts to transport the expression product 
to the cell wail where it is cleaved from the product upon 
secretion. The term "control sequences * as defined above is 
intended to include a signal sequence, when it is present. 
Other host systems known to the skilled person are 

35 also contemplated for the expression and production of the 
protease variants of the invention. Such best systems 
comprise fungi, including filamentous fungi, plane, avian 
and mammeiian cells as well as others. 
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Strains,^ 

B. subtilis 389 arid 147 are variants of Bacillus lentus f 
deposited with the NCXB and accorded the accession numbers 
NCXB 10309 and 10147, and described in us -A- 3 723 250 
incorporated by reference heroin. 


coli MC 1000 » j a,,; and S h Cohen (1980); J. 

Mol. Biol . 133 179-207} t was Bade r~ ,m* by conventional 
10 methods and is also described in iis Patent Application 
Serial Ho. 03S,2#S> 


In the context of this invention proteolytic activity 
15 is expressed in Kilo NOVO Protease Units {XHMjf} , The 

activity is determined relatively to an enzyme standard 

(SAVlMASBg) , and the detemination is based on the digestion 

of a dimethyl casein WMC) solution by the proteolytic 

enayme at standard conditions, i.e. 50®C, pH 8.3* 9 min, 
20 reaction time, 3 win, measuring fciaae. A folder AF 220/1 is 

available upon request to Move Mordisk A/S, Oeimark., which 

folder is hereby included by reference. 

A Gtl is a Glycine Unit, defined as the proteolytic 

enzyme activity which, under standard conditions,, during a 
25 IS -minutes ' incubation at 40 deg C, with 15 -acetyl casein as 

substrate, produces an amount of W& z ~ group equivalent to 1 

paoie of glycine . 

Enzyme activity can also be measured using the mh 

assay, according to reaction with the soluble substrate 
30 succinyl - alanine alanine -proline - phenyl -alanine -para - 

nitropheaoi, which is described in the Journal of American 

Gil Chemists Society, Rothg&b, TM,, Goodlandar, B.D. , 

Garrison, !P.H. , and Smith, L,.A. , (1988). 

35 For the generation of enzyme variants according to the 
invention the same materials and methods as described in 
i.e. WO- A- 89/06279 (Novo Nordisk A/S) , BP -A -130 756 (Genen- 
taeh}, BP-A-479 870 (Novo Nordisk A/S) , EP-A-214 435 


{Henfcel} , WO-A- 37/04461 {Arngen} , WO--A- 87/05050 CGenex) , EP 
application no, 87305761 (Genentech) , EP~A~2SQ 105 
SGenencor) , WO -A- 88/06624 (Gist-Brocades i/} » WO»A~88/07S78 
(Genenteeh) , WO -A -88/08028 (Genex) , WO- A -88/08033 CAmgen) , 
5 wo~A~8S/08X64 {Genex} .< Thomas et aL (1985} mature, 318 375- 
376; Thomas st al. (X98?) : «?» JSfoi. .Biol,,. X93, 803-813; 
Eussel ana Fersfet {1987} JS&ttire 328 49S»500, Other methods 
well established in the art say also be , used- 

10 EIAHFLB X 

.Sons truct ioiLJj r y I gypp^ sioa of Fnsvme Variants t 

A vector suited to a synthetic gene coding for stub-- 
tilase 309 and its mutants was constructed . It is essen- 
tially a p0C19 plasmid I Yanish- Perron and. Messing {1985} 

15 Gem} 33 103- 118 j , in which the multiple cloning site has 
been replaced by a linker containing the restriction sites 
used to separate five sub- fragments < s 1 tut lag the gene, 
lis w linker was inserted into SooEX - Hindlll cut pUCi9 
thereby destroying these sites. The details of this 

20 construction are described in WO 32/19723 on pages 25-26 and 
in figure 1 {sheets 1/7-7/7} thereof, the content of which 
is hereby included by reference. 

Each subf ragraeat was made from & to 12 oligonu- 
cleotides. The oligonucleotides were synthesised on an 

25 automatic DBA synthesizer using phosphoramidite chemistry on 
a controlled glass support CBeancage and Carruthars (1.981) ; 
tetrahedron Letters 22 1859-18691, 

The five subf ragmeuts were isolated on a 2% agarose 
gel and inserted into pSXi9i. The sequence was verified by 

30 dideoxynucleot ids sequencing. Fragments A-B were isolated 
and ligated together with KpnX -B&mHI cut pSXI91. The 
ligation mixtures were used to transform competent E coli 
MCI 000 r" t !a 4 selecting for ampicillin resistance. The 850 bp 
Kpn BaoB fragment that constitutes the part of the 

35 subtil isin 309 gene coding for the mature part of the ensyme 
was then used to replace the wild type gene on pSX2l2 giving 
rise to pSX222 , which was then transformed into a competent 
£, subtil is strain. After fermentation of the transformed 


strain and purification of the ensyxae it was shown that th© 
product was indistinguishable from the wild type product. 

Protease variants derived from the synthetic gene are 
made by using oligonucleotides! with altered sequence at the 
5 placets) where mutation is minted (e.g. with sequences as 
given below) and mixing thsaa with the rest of the oligo- 
nucleotides appropriate m the synthetic gene, AsseM>ly of 
the variant gene is carried out with the variant materials 
in a manner otherwise analogous to that described above, 

10 Further information on synthetic genes generally is 
available in Agarval et al {1970}; Mature; 227 27-34. 

A Kpnl site was introduced into the beginning of the 
sahtiiase SOS synthetic gene encoding the mature part of the 
enzyme. The method used is called oligonucleotide directed 

13 double- strand break repair mutagenesis and is described by 
Mandecfei {1986} Prac. Mat. Acad. Sci. USA S3 7%77~7XUx, 
pSX172 is opened with Jfool at the beginning of the mature 
part of the suhtilase SOS gene and is mixed with the 
oligonucleotide 78S Csee W0-A-S2/1$?2S) , heated to I00 s e f 

20 cooled to 0*C, and transformed into J?, coll. Mter retrans- 
formation,- the recombinants can be screened by colony 
hybridisation using 32- P- labelled ISOR ?8S* The recombinants 
that turned out to be positive during the screening had the 
KpaX site introduced right in front of Hcol by changing two 

25 bases without changing the amino acid sequence, pSXX72 is 
described in EP Patent Publication h'o> 405 901. The Xpnl 
site so created is inserted into pSXiao on a 400 -bp 
PvuX-Nhal fragment, giving rise to pSX212, pfixi20 is also 
described in EP-A-405 S01. 

30 The synthetic gene is inserted between Kpnl and BamHI 

on pSX2!2, giving rise to pSX222, 

Examples of. mutations and corresponding sequences of 
oligonucleotides are as follows t 

35 R17QL {fragment. Dl! 

5* - GTC C A GG TCCG AGTTAGTCGATAGG C CG GG AG ATACG CTTG ~3 * 


E170I {fragment 01} 


5 5"- 


■&T&03CTTQ - 3 " 


5 s - AGC'ITrGTACCASGCSGAACCGC 

10 3- - 


£y£liijsm^....s£...ln^me . Variants 

This procedure relates to purification of a 10 

20 litre scale fermentation of the SubtiXisin 14? enzyme, the 
Subtil lain 309 enssyma or mutants thereof. 

Approximately S litres of fermentation broth were 
cent r if aged at S000 rpm for 35 minutes in 1 litre beakers. 
The supematants were adjusted to pH 6,5 using 10% acetic 

25 acid and filtered cm Salts Supra S100 filter plates. 

The filtrates were concentrated to approximately 
400 ml using an teicon CH2.& W xm.it equipped with an Amicon 
S1Y10 UF cartridge. The W concentrate was centra. fuged and 
filtered prior to absorption at room temperature on a 

30 Bacitracin affinity column at pH ?, The protease was eluted 
from the Bacitracin column at roars temperature using 2 5% 2~ 
propancl and 1 M sodium chloride in a buffer solution with 
0.01 dimethylglutaric acid, 0,1 M boric acid and 0.002 H 
calcium chloride adjusted to pH 

35 The fractions, with protease activity from the Ba- 

citracin purification step were combined and applied to a 
750 ml Sephader. G25 column fj3 cm dia,} equilibrated with a 
buffer containing 0,01 dimethyl glutaric acid, 0.2 K boric 
acid and 0,002 m calcium chloride adjusted to pH 61 5. 

40 Fractions with proteolytic activity from the 


m 

Sephadex Q2S column were ccmisiiied and applied to a X50 ml CM 
•Seph&rose CI* SB cation exchange colTjasn IS cm dia*} equilibr- 
ated with a buffer containing CU 01 M dimethyl glucarie acid, 
0.3 H boric acid, and 0,OS2 M calcium chloride adjusted to 
5 pH 

ISie protease was eluted using a linear gradient of 
0-0.1 M sodium chloride in 2 litres of the same buffer (0~ 
0.2 H sodium chloride in ease of Subtilisin 147! . 

In a. final purification step protease containing 
10 fractions from the CM Sepharose column were combined and 

concentrated in an fcraican ultrafiltration cell equipped with 
a GRBlPP membrane (from the Danish Sugar Factories inc.) . 

By using the techniques of Sxaatpla 1 for the 
construction and the above isolation procedure the following 
15 subtil isin 309 variants -were produced and isolated; 



A: 

G1S9I 


Bj 

S1S4T 


Ci 

YIS7X 


D: 

R170I 

20 

r« 

R17SL 


Fr 

R170M 


Qt 

S&70F 


H; 

G195F 


I; 

8S7P+&170L 

25 

J: 
Ki 

R17GL+N2I8S 
S5??+R170k4K218S 


Lj 

R17QL+N2ISS+M222A 


M: 

S S 7F+R17QL+S18 8M194F 


Xi 

Y167I+R170L 

30 

Qt 

SS7P+RX70h+Q3jCf^S 


B; 

R17QL+Q206B 


0> 

Y167X+R170L+Q2061 


E; 



St 

Y167X+K170L+K218S 

35 

Tt 

Y167X+RI70L^94P*H21SS 


tt; 

Y167X+Y171X 


V; 

E170G- 


W; 

£17 0C 


5 to (isotropic J aqueous detergent liquid aceeac&ing to an 

embodiment of the invention is f orcaulafced to contain; 


10 




amBMt - 1 

% 


3,0 

Meodol 25~S 

8.0 

25-33 

14.0 

NaCit ra te , 2H20 

5*0 

Propylene Glycol 

5.0 

Sorbitol 

4.5 

P-dye Tiiiopal 

0,15 

Lytron 614 
pacifier 

0.03 

&a£&OB 

Pre s e rva t. i ve 

0.0003 

Acid Mine 80 

0,0011? 

| Acid Violet 48 

0,0033 

Savinase 1€L 

0.25 

Lipolase 10 DL 

0 i 70 

Fragrance 

o,i; 

Water 

« 100.0 | 


is 


adjusted to 7.1. 


d 

T&hl® in. 

Residual eas^m activity {in percentage of original 
activity) after storage at 37*C for Bxawpls Di comprising 
the BLS3G9 variant S57P+Si?0b*Jax$S, 
S storage time i±n days) wild-type S57P+RI IQh+miSS 

0 ISO XOQ 

3 44 74 

7 11 SO 

10 S 3B 

10 14 7 27 


from Table ill it is evident that the variant 
SS?P*E170b-fN218S exhibits a remarkably improved stability in 
this type of detergent. Moreover, the variant 
IS SS7p+Ri70L*N2l8S possesses excellent compatibility towards 
lipase. 


Residual lipase activity (in percentage of original 
20 activity) after storage at 37*C for Example Dl ccsaprising 
the BLS30S variant 8S7®+R17Qh+mi$S and Mpolase tm) . 


Storage time (in days! 

bipolase plus: Wild- type S57MX70MJOX8S 

0 100 100 

3 38 67 

7 24 44 

10 22 33 

14 21 27 

From the above Table 1¥ it is apparent that, in addition to 
tbe stability of the protease, the compatibility of the 
protease towards Upolase is also improved. 


3> Era-r:i;.:.,- : ...n;.: ■. 

A non- aqueous detergent liquid according to an embodiment of 
the invention is formulated using 38,5% €13 -CIS linear 
primary alcohol alkoxylated with 4 ..9 mol/moi ethylene oxide 


and 2,7 mol/isol propylene oxide* 5% triacetin, 30% sodium 
triphosphate, 4% soda ash., 15.5% sodium perborate 
« ■> ■> *~ * Dotal rt of oxoborate , 4% 

T&BD, Q.25% BDTA of which 0.1% as ph.ospao.nie acid, herosil 
0.6%, SCHC 1%, and 0>€% protease. The pH is adjusted to a 
value between 9 and 10, e.g. about 9.8. 


Structured liquid detergents can for example 
contain, in addition to a protease as described herein,, 2- 
15%- nonionic surfactant, 5-40* total surfactant, comprising 
nonionic and optionally anionic surfactant, s-35% 
phosphate- containing or non-phosphate containing builder, 
0.2-0.8% polymeric thickener, e,g. cross-linked acrylic 
polymer with m.w, over 18 s , at least 101 sodium silicate, 
©♦S- as neutral waterglass, alkali (e.g. 
potassium- containing alkali) to adjust to desired pH, 
preferably in the range 5-10 or upwards., e.g. above pH IX * 
with a ratio sodium cation-, silicate anion (as free silica) 
£py weight) less than 0.7ti, and viscosity of 0,3-30 Pas (at 
20 d C and 28*-*} . 

Suitable examples contain about S% nonionic 
surfactant CX3-X5 alcohol aikoxylated with about 5 BO groups 
per mole and with about 2,7 VQ groups per mole, 15-23* 
neutral waterglass with 3,5 weight ratio between silica and 
sodium oxide, 13-19% KOE, 8-23% STFP, 0-11% sodium 
carbonate, 0.5% CarhopoX 941 (TMJ . 

Protease may be incorporated at for example 0.5%. 


(Decoupling polymer liquid) 

Prlolene SSO? 4,5 

XQH 10 
Ethoxylatad Alcohol, 7BO £ Synperonic A7) 4.5 
Ethoxyl&ted &Xcohol.3E0 (Synperonic A3) 4,5 

Seol.it e 4 a 15 
Fluorescer Tinopai GES~J£ 0.08 
Narlex DCl 1 


Citric acid a. 22 

Antiioaxn silicone DB1G0 0.3 

IAS acid is..s 

Perfume 0 , S 

5 water to 100% 

Residual esayme activity {in percentage of original 

activity) after storage at 3?*C for Example m comprising 
10 the RX?0u variant of BLS309. 


Storage 

time (days) R170L 


0 

100 

100 

2 

98 

73 

4 

96 

6« 

10 

34 

46 

33 

87 

8 

81 

78 


101 

71 

0 


From Table ¥ it is evident that the RI70L variant exhibits a 
remarkably improved stability in this type of < 

Example PS; 
25 (Decoupling polymer liquid) 

Friolene 690? 4.5 
KOK 10 

Ethoxylated Alcohol . 1EQ (Synperonie A?) 4.5 

Bthoxylated . Alcohol . 3 SO C Synperonie A3) 4.5 

30 


Zeolite 4 A 

IS 

Fluorescer Tisiopai CBS-X 

0.08 

Bar lex DCI 

1 

Citric acid 

8>23 

Antifoam silicone DB100 

013 

LAS acid 

16.5 

tdpolase iOOL 

0.6 

Perfume 

0.5 

Water to 

100% 


we <>&mm pcr/sapsaa tste 

Table YX, 

Residual enzyme activity (in percentage of original 
activity) after storage at 37 C C for iEscmspl® DS comprising 
the BLS3QS variant SS7P+&170L+N2X8S. 


Storage Residual Protease 

time activity 

(days) 

S57P4R170L4K218 
SS7P+R170L+K2X8S 
0 100 
2 ? 
S 97 
8 87 
12 SI 
28 100 


Residual Lipase 
Activity 


Wildfcvpe ~ MXdtype 


100 
7S 
50 
30 
20 
18 


1.5 
7 
12 


100 
94 
76 
71 
78 


From Table VI it is evident that the variant 
SS7F+R170L+N2X8S exhibits a rs^r&aMy improved stability in 
20 this type of detergent, Moreover,- the variant 

S57i>*EX?6iH^2XSS possesses excellent compatibility towards 
lipase. 


Example DS: 

25 Soap bars were produced containing 49.7 wt.% 80/20 tallow 
/coconut soap, 49.0% water, 20% sodium citrate, 1.0% citric 
acid end 0.011% protease. After preparation of the soap bars 
they ware stored at ambient temperature and after specific 
time intervals samples were taken and measured for protease 

30 activity. The stability data are given below in Table VTls 


storage 
{days) 


RX70L 

R170L* 
K218S*S5?P 

RX70L* 
IMS? I 

0 

100 

100 

100 

100 

1 


100 

97 

94. 

2 

25 

91 

100 

83 

3 


100 

94 

80 


€ 


98 

89 

90 

10 

0 

100 

m 

71 

17 


m 

80 

73 

27 


95 

86 

70 


From the above Table VXX it is evident that the stifotila.se 
variants RX?0b, EX70L*-H2XSS-*SS7P and E170L+Y167I exhibit a 
resiarkably improved stability in this type of detergent. 

$ Example D7; 

Soap bars were produced containing 63,88% 80/20 
tallow/coconut soap, 1% cooonut fatty acid, 25.1% water, 10% 
sodium citrate and 0 » 031% protease . The laundry soap bars 
were stored at 37«G and after specific time intervals 

15 sables were taken and measured for protease, activity. 


Stability datat 


storage {days} 


RX70L+N218S+SS7P 

0 

100 

100 

10 


90.1 

14 


ai..s 

10 

10 


ao 

0 

91 .4 

31 


72,8 

35 


IB 

45 


78 


From the above Table VI XI it is evident; that the sufotilase 
variant RX70L+H218S+S57P axh.ifo.its a remarkably improved 
stability in this type of detergent- 



Wash performance of detergent eea^ositiqns comprising ensyme 
variants . 


5 The following examples provide results from a number of 
washing tests that were conducted under the conditions 
indicates . 


10 Table IX i B-xperimental conditions for evaluation of 
Snbtilisin 300 variants. 


i Detcrg ■■ 

Protease 

Det ergent dose 

3 srA 

PH 

9,5 

| WIF'tlme 

15 min. ' ~ 

Temperature 

r I'sTc 

| Water hardness 


| Enzymes 

Subtil inn 30$ variants as listed below 

S) : V'iTt ; c nc . 

m o:t; w:y, o,i ( x:% 2.1 

mg/1 

1 fist-iethod 

"Miiwis" ^jm^wmmwMwm 

Bwateh?volume 

5 matches' (0 2.5 cm) J SO ml 

| fiit-ii-tirlil 

GraiFon-'cotton' (rinsed in water; ; *df- 
94177X8* 


The above model detergent is a simple detergent 
25 formulation, The most characteristic features are that STP 
is used as builder and the content of anionic tenside {LAS} 
is quite high. Further the pE is adjusted to 9,5, which is 
low for a powder detergent. 


30 The composition of the model detergent is as follows; 
Table X 


2S ft STP (Ra s l?Ao> 

2s % mm, 

10 % Ha.CO, 

20 % ms mpm 80s} 

5 S % Honionie (Dohanoi 2$~7> 

5 % Ha s Si,0, 

0.5 % earfooxymethylcelluioae (CMC] 

9,5 % water 

toe; 3 g/l 

10 pH is adjusted to S.5 

of revision fJ?) on the testiaaterial has 
* at 460 ma using an SIxepho 2000 photometer 
\m . The measured values have been fitted to fchfc 


The improvement factor is calculated by use of the initial 
slope of the curves ^ s 

^ is the wash effect of the ensps in revision units, 
a is the initial slope of tfce fitted curve (c~0) . 
20 a^, is the initial slope for the reference enzyme, 
c is the enzyme concentration in jag/1 


43 

4i^ 5X is the theoretical maximum wash effect of the enzym in 
revision units |c-*~) . 


Table XI j Variants and x- n factors fos Subtil sij 

309. 


Besigs.,. 

.ant 

C£ 

| S003' 

R17 

^ 2.8 

ipr w " 

E170Y + GX95B 

2.6 

S012 

GlSSI I > 11 

1 . £ 


Iif0f 

3.3 


R170L 

3 . (< 

F 

R170M 

2.4 


RX702 

4,1 


SS7P + R3.70L 

3.9 


R170L * M2X8S 

r:i 


S57P + R170L ♦ 

2.: 


TO?rT$iWfc' 



R170L + Q206B 




EI70G 

2.0 


R170C " 

~~ 3:4 

0 

t rii70L "?-"cpoiB " 

23 

Q 




' Described in wo-A-91/00345 


&s it can foe seen from Table XI, all the Subtilisin 309 
25variants of the invention exhibit an improvement in wash 


X- a. detergent composition comprising a subtil&se 
variant wherein one or more amino acid residues situated 
in or in the vicinity of a hydrophobic domain of the 
parent smbtilase have been substituted for an amino acid 
residue more hydrophobic than the original residue, said 
hydrophobic domain comprising the residues $12$, Pi3i, ( 
1165 f Y167, of BLS309 {in B&SBPN numbering) , and the 

residues in the vicinity thereof comprises residues 
corresponding to the residues BX3-6, G1S3, 3X64, Ri?o, 

and G19S of BLS309 (in mswm. mastering} , with the 
exception of the R170M, E170I and R170V variants of 
B&BP92. 


2. Composition according to claim i, comprising a 
suhtiiase variant wherein the original amino acid residue 
has been substituted for a residue selected from the 
group comprising val (V) , He Ul » ten CD ( Met (M) f Phs 
(F), and TrpCW}, preferably Val, lie or Leu. 


3-. Composition according to claims i or 2, wherein the 
parent suhtilase is chosen from the sub-group 1-81. 


4. Composition according to claisa 3, wherein the parent 
suhtilase is chosen from the group comprising ABSS168, 
BASBPN , BSSDY, and BLSCAR . 


5, Composition according to claims 1 or 2, wherein the 
parent subtilase is chosen from the sub-group X-S2. 


Ir 

6, Composition according to claim 5, wherein the parent 
subtilase is chosen from the group comprising BLSX47, 
BLS309, BAPB92 AND BYSYhS . 


?, Composition according to claim 5> wherein the parent 
sufotilase is SVTHBfc. 


8. Composition according to any of claisss l to 7, 
wherein said substitution (s) is/are combined with 
substitutions, insertions or deletions in any other 
position. 


9, Composition according to claim 8, wherein said 
substitution fs) is /are combined with substitutions, 
insertions or deletions in any of the positions 36, 222, 
218, 76. 


18. Composition according to any of claims l to 9, being 
any of the following : 


113 6V, 

K136I, 

K136L, 

KX36M, 

K136F, 

SISSY, 

SX591, 

SI SSL, 

■SI59H, 

S.1S9F, 

T164V, 

TX641, 

T164h> 

T164M, 

T164F, 

K170V, 

K17C'I S 

K170L, 

H70M, 

K170P, 

E1S5V,. 

119S1, 

E1.9SL, 

E19SM, 


QX36V, 

Q136I, 

Q136L, 

013 6H, 

Q136F, 

Tisav, 

TXS9I, 

TX59L, 


TXSSF, 

A164V, 

hi €4 1 , 

AX64L, 

&X64M, 

AIS4F, 


¥170 V, 

YX70X, 

Y17GL, 

£4 

V170M, 

Y170F, 

8X9 4 V., 

S1942 , 

S194L, 

S134M, 

S194F, 

E13SV, 

BXSM5J, 

BI3€L, 

E13SM, 

EX36F, 

Q1BSV, 

SX59X, 


0159M, 

G159F, 

Si 64V, 

8X64 X, 

G164L, 

Qimn, 

f3X64P, 

SIfi4V, 

S164I, 

S164L, 

sinm, 

SX64F, 

R170V, 

RX70I, 

RX70L, 

teiim, 

mX70F, 

A194V, 

mmz. 

M94L, 

A194M, 

&X94F, 

PX94V, 


P194L, 

tmm, 

P194F, 

El 95V, 

S195I, 


E19SM, 

H19SF, 

©195V, 

S195I, 

G19SL, 

GX9SM, 

&X9SF, 


11 ., Composition according to any of claims X to 10, 
wherein said variant is combined with further 
substitutions, deletions and/or insertions in any one or 
mora of the positions: 

36, 57, 76, 216 , 222, and 224. 


12. Compositions according to claim 11, wherein said 
subtila.se belongs to the X-82 sub- group and said further 
change is chosen from the group comprising *36£, 357P,, 
N76B, K218S, M222S, M222A, and T224S, 


Compos ii according to claim 12, wherein the 
variant is chosen from the group of variants comprising t 


a) SS7P+R170L 


wo mmms vcmmm ma 

a ' } SS7P+R17GI 

b) R170L+H218S 
fc><) R17QX+N2X83 

c) S57P+R170Xi+H2l8S 
0*} S57P+R170I+K218S 

c * *} S57P+V104Y+S170L+I*218S 

C«»«> S57P+V104Y+RX70I+B2X8S 

«S| EX70L*N2 18S+M222A 

d") R170I+N218S+M222S 

&« } R170L+N2 18S 

<*»») R170I*Sai8S+K222S 

S57P*EX7QL4mS8P*AX84P 
©<) .S57P+-R170X+S18SP+M94P 

f) YI67L4-.R270L 
£'} TX87X«*RX7QS: 

g) 8L 
g ! ) Y167I+R17QX 

h) *ngB*itl70L.+K2X8S 
h» I M7SB*RX7GItK2X8S 

i 5 J S57P+N76D+R170X+N21 SS 
j) IOT6D+&170L+M218S+M222A 
j'} N76D+R170X+N2XSS+M222S 


wo mmms pcmimfimui 

&} SS7P4R17QX*S188P4AXMM50X8S 

1 1 *36X>4K?£iD*HI20D+E170L4-Gl9SE^K:23 $h 

I » 5 *3SD+N76D+H120O+R170IG19SS+K23SL 

m) N7gD+H120D*R170L+SISSB+O35L 

a < ) *36D4-G97N*V104y+H120O+R170X+Alt4?4OX95S4K23SL 

O) SS7P+R170L+Q206B 

O') SS7P+EX7OX4-O206S 

p) R17QL+02Q6B 

p ' ) R170I+CE206E 

q) YX S 7 1* EX 7 0 L+Q2 0 &E 

q'} X167X+KX70I+Q20SE 

r) Y167F+R170X, 

r * ) YX67F4R170X 

£} YX67I+EX70L+AX94P 

t ! ) YX67I*R17CI+AX94£ 

U) YX6?X*R170L*N2XSS 

u) Y167I+R.170I+2S2X8S 

v) YX67X+RX7 GL*A194P+N2 1 8 S 


V ) YlS7I+R1.70I*A194i?+N218S 

X) fcl7GL+PI31V 

x'J R1703>P131V 

y' } *36D+¥167X+&I70X 

¥16714 Y171I 

aa} Y167V+R17QL 

M 1 ) Y167V+R170I 


14, Composition according to claim 1-13, wherein the 
subtiiase variant is R17GL or E170I ami the composition 
is a liquid detergent and comprises a def locoulating 
polymer, 


IS, Composition according to claim 14, wherein the 
s«tetilase variant is S57S+V1MX+8170&+N218S or 
SS7p*W4Y+R170I+N218S. 


IS. Composition according to claim 1-13, in shaped solid 
form. 
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